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 Air pollution is associated with poor cardiovascular and/or respiratory health outcomes. 
The poor air quality in certain communities due to the emission of toxic air pollutants from 
industries and major roadways has been a growing concern. The main objective of this study was 
to examine whether residential proximity to environmental air pollution sources, individual-level 
risk factors (age, gender, and body mass index (BMI)) and number of years at same residence are 
associated with observed poor cardiovascular and/or respiratory health outcomes in the residents 
of Southeast community in Newport News, Virginia. Logistic regression was conducted to assess 
this association using the self-reported demographic and health outcomes data from the surveys 
completed by the residents of the community. Exposure to air pollution was calculated as 
distance in miles between each geocoded residential address and source of air pollution using 
geographic information system (GIS) tools and then Lakes Environmental Screen ViewTM, which 
as a user-friendly interface for US EPA SCREEN3 was used to model ground level concentration 
of pollutants released from Toxic Release Inventory (TRI ) reporting industries present in the 
community at each residential address. A significant negative correlation was observed between 
predicted concentration of pollutants from industries and distance of residence from the 
industries. Of 224 residents, 39.7% reported the presence of cardiovascular and/or respiratory 
health outcomes and 51.8% had BMI in the overweight or obese category. Results of logistic 
regression model reported no significant association with residential proximity to environmental 
 
 
pollution sources. Some of the study limitations such as size of the study community as well as 
absence of real-time air monitoring stations could be contributing factors for the observing this 
lack of association. For individual-level factor, significant positive association was observed 
between obesity (OR = 3.03; 95% CI = (1.37 – 6.71); p = 0.01) and poor cardiovascular and/or 
respiratory health outcomes. And although, not statistically significant, higher prevalence rates of 
poor cardiovascular and/or respiratory health outcomes were observed in residents living at the 




















































Dedicated to my son - Shivaay 
and 































I would like to express my sincere gratitude to my dissertation chair, Dr. Anna Jeng who 
has been my mentor and research advisor since the start of my Ph.D. journey. I would like to 
thank her for the multiple opportunities she has provided over past couple years which 
contributed to my learning and professional development. I would also like to thank my 
committee members, Dr. Holly Gaff, and Dr. Daniel Russell for their guidance and subject 
expertise which further helped my learning process. Thank you for your support, time and 
valuable feedback on this research. Additional I would also like to thank Dr. Chaganty Rao and 
Huihui Lin for providing statistical consultation on this research project.  
I would like to especially thank my husband, Sagar Aghera for constant support and 
encouragement and always being by my side whenever needed. Thank you for believing in me 
and my work.  
I would like to take this opportunity to especially thank my brother-in-law, Jimmy Patel 
(my go-to ODU person) for always standing by me throughout my journey at ODU from Masters 
to Doctorate. He has been an integral part of my journey, and I would like to thank him for 
everything he has done and continues to do for me. Thank you for believing in me and being a 
constant source of support. 
I would like to thank my parents (Niranjan and Kusum Kantaria), in-laws (Mohanlal and 
Bhanumati Aghera), sister and brothers-in-law (Archana and Jimmy Patel; Geetanjali and Elvis 
Patel; Poonam and Akash Aghera; Vidhi and Parth Aghera) for providing constant love, support, 
and encouragement. I would also like to thank my brother Deep Kantaria for always being 




TABLE OF CONTENTS 
  Page 
LIST OF TABLES  ........................................................................................................................ ix 
LIST OF FIGURES ........................................................................................................................ x  
LIST OF GRAPHS ........................................................................................................................ xi 
Chapter 
I. INTRODUCTION ...............................................................................................................1 
     BACKGROUND ...........................................................................................................1 
PURPOSE OF THE STUDY .........................................................................................3 
PROBLEM STATEMENT ............................................................................................3 
SIGNIFICANCE OF STUDY .......................................................................................6 
THEORETICAL FRAMEWORK .................................................................................7 
 
II. LITERATURE REVIEW ..................................................................................................11 
INTRODUCTION .......................................................................................................11 
RESEARCH ON RESIDENTIAL PROXIMITY TO AIR  
POLLUTION SOURCES ............................................................................................12 
RESEARCH ON INDIVIDUAL LEVEL RISK FACTORS ......................................20 
RESEARCH ON OTHER RISK FACTORS ..............................................................24 
USE AND LIMITATIONS OF GEOGRAPHICAL INFORMATION  
SYSTEM IN ENVIRONMENTAL POLLUTION SOURCES ..................................26    
COMMUNITY CASE STUDIES IN SAN FRANSISCO BAY AREA .....................28 
SUMMARY .................................................................................................................31 
 
III. METHODOLOGY ............................................................................................................33 
RESEARCH QUESTIONS .........................................................................................33 
HYPOTHESES ............................................................................................................34 
RESEARCH DESIGN .................................................................................................35 
STUDY SETTING AND STUDY SAMPLE ..............................................................35 
POWER ANALYSIS AND SAMPLE SIZE CALCULATION .................................35 
SURVEY COLLECTION ...........................................................................................36 
INDEPENDENT AND DEPENDENT VARIABLES ................................................37 
DEFINITION OF VARIABLES .................................................................................38 
DATA SOURCES .......................................................................................................39 
METHODS ..................................................................................................................41 
     
viii 
 
  Page 
STATISTICAL ANALYSIS .......................................................................................44 
VALIDATION AND GENERALIZATION OF THE STUDY ..................................47 
 
IV. RESULTS ..........................................................................................................................48 
DESCRIPTIVE STATISTICS .....................................................................................48 
LOGISTIC REGRESSION ..........................................................................................60 
STUDY GENERALIZATION ....................................................................................65 
 
V. DISCUSSION AND CONCLUSIONS .............................................................................70 
DISCUSSION OF RESEARCH QUESTION 1 ..........................................................70 
DISCUSSION OF RESEARCH QUESTION 2 ..........................................................78 
DISCUSSION OF RESEARCH QUESTION 3 ..........................................................80 
LIMITATIONS OF THE STUDY...............................................................................82 
HEALTH POLICY IMPLICATIONS .........................................................................83 


















LIST OF TABLES 
Table  Page 
 
1. Definitions of Variables (Theoretical and Operational) ................................................  ....... 38  
 
2. Demographics of the Residents .................................................................................................49 
 
3. Health Status of the Residents ...................................................................................................50 
 
4. Individual Cardiovascular and Respiratory Health Outcomes of the Residents ........................51 
 
5. Correlation Between Distance of Residence from Industry and Predicted  
Concentration of Pollutants from the Industry...............................................................................56 
 
6. Two-Way Frequency Tables of Cases and Categorical Predictors ............................................57 
 
7. Descriptive Statistics of Continuous Predictors by Poor Respiratory Health  
Outcome .........................................................................................................................................59 
 
8. Descriptive Statistics of Continuous Predictors by Poor Cardiovascular Health  
Outcomes .......................................................................................................................................59 
 
9. Descriptive Statistics of Continuous Predictors in the Study by Poor Cardiovascular  
and/or Respiratory Health Outcomes .............................................................................................60 
 
10. Results of Logistic Regression (with Interaction Effects) .......................................................61 
 
11. Results of Logistic Regression (without Interaction Effects) for Poor Respiratory 
 Health Outcomes ...........................................................................................................................63 
 
12. Results of Logistic Regression (without Interaction Effects) for Poor  
Cardiovascular Health Outcomes ..................................................................................................64 
 
13. Results of Logistic Regression (without Interaction Effects) for Poor  
Cardiovascular and/or Respiratory Health Outcomes ....................................................................65 
 
14. Results of Prevalence Rates (< 15 Years vs ≥ 15 Years at Same Residence) .........................66 
 
15. Demographic of the Residents of the Community in North Richmond...................................67 
 








LIST OF FIGURES 
 
Figure   Page                                                                                                                                          
 
1. Study Community in Newport News, Virginia............................................................................4 
2. Raster Map Showing Population Density of Residents ...............................................................5 
3. Stress-Exposure Disease Framework ...........................................................................................8 
4. Modified Framework for Study .................................................................................................10 
 
5. Prevalence of Heart Disease by Gender .....................................................................................21 
 
6. Example of Measuring Distance of Residence from Industry 1 ................................................44 
 
7. Gradient Map of Predicted Concentration of Pollutants from Industry 1 ..................................53  
 
8. Gradient Map of Predicted Concentration of Pollutants from Industry 2 ..................................55 
 
9. Contours of Predicted Concentration of Pollutants from Industry 1 .........................................75 
 


























LIST OF GRAPHS 
 
Graph  Page 
 
1.  Plot of Predicted Concentration of Pollutants from Industry 1 vs Distance of  
Residence from Industry 1 .............................................................................................................52 
 
2. Plot of Predicted Concentration of Pollutants from Industry 2 vs Distance of  





























Cardiovascular disease and chronic respiratory disease remains the number one cause and 
the third cause of death (Center for Disease Control and Prevention, 2016c), respectively in the 
United States. Cardiovascular disease includes conditions affecting the person’s heart and 
associated blood vessels, while respiratory disease commonly comprises conditions, causing 
breathing related problems like asthma and upper respiratory tract problems. Each year about 
610,000 deaths are due to heart disease while 3,651deaths are due to asthma.  Both diseases are 
the leading cause of death in most of the racial/ethnic groups as such African-American and 
Hispanics. The common risk factors for both diseases include exposure to environmental air 
pollution due to emissions from industries and major roadways, and other individual-level 
factors like age, gender, race/ethnicity, body mass index (BMI), smoking and lack of physical 
activities (Center for Disease Control and Prevention, 2016a, Center for Disease Control and 
Prevention, 2016c). 
Air pollution is associated with poor cardiovascular and respiratory health outcomes. 
(O’Neill et al., 2003). Outdoor air pollution was responsible for 72% of deaths due to heart 
disease and stroke, 14% of deaths due to lower respiratory infections and 14% of deaths due to 
the lung cancer in the year 2012 (World Health Organization, 2016). Air pollutants have also 
been consistently associated with high blood pressure (BP). Study by Delfino and Colleagues 
examined the association between BP and air pollution using ambulatory BP monitoring and 
outdoor air pollutant measurement in 64 elderly subjects in Los Angeles basin. Subjects were 
followed for 10 days with hourly waking ambulatory monitoring and positive association was 
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found between systolic and diastolic blood pressure and air pollutants (Delfino et al., 2010). 
Another study clinically examined the association between air pollution and blood pressure in 
non-smoking healthy adults. Responses during 2-hour exposure to concentrated particulate 
matter plus ozone were compared with particle free air and significant increase in diastolic 
pressure was observed with 2-hour exposure to concentrated particulate matter plus ozone (Urch 
et al., 2005) 
Even a brief exposure to environmental air pollution for several days has been associated 
with an increase in respiratory and cardiovascular mortality (Samet, Dominici, Curriero, Coursac 
& Zeger, 2000; Peters, Dockery, Muller & Mittleman, 2001). Air pollution’s contribution to the 
risk of respiratory and cardiovascular diseases has been assessed since the 1970s.  In the 1970s 
and 1980s, the methodology used in the studies usually compared the death counts for several 
days or weeks before, during and after episodes to evaluate the short-term changes in exposure to 
the air pollution.  The deaths due to the cardiovascular disorders were more strongly associated 
with the short-term exposure to air pollution compared to the deaths due to respiratory disorders. 
(Ciocco & Thjompson, 1961; Nemery, Hoet & Nemmar, 2001; Bell & Davis, 2001; Bell & 
Davis, 2004). Some of the other studies like the Harvard Six Cities study and American Cancer 
Society (ASC) study evaluated long-term exposure to particulate matter (PM) and they reported 
that long-term exposure to particulate matter (PM) was associated with respiratory illness in 
children and cardiopulmonary mortality in adults along with respiratory hospitalizations, lung 
functions and respiratory symptoms (Krewski et al., 2003). 
There has been growing concern regarding the poor air quality and emission of toxic 
substances near industrial facilities and major roadways since the 1980s. The proximity of 
community to environmental air pollution sources has served as a proxy for exposure and 
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observed poor health outcomes in the individuals (Nweke et al, 2011; Chakraborty, Maantay & 
Brender, 2011). The concentrations of the toxic air pollutants from the vehicle emissions are 
elevated next to highways and major roadways. Individuals who live or spend time in locations 
adjacent to highways are more highly exposed to these pollutants. Living closer to highways is 
associated with childhood asthma, reduced lung function, poor cardiovascular health outcomes 
and mortality (Gauderman et al., 2005; Jerrett et al., 2009; McConnell et al., 2010; Gan et al., 
2010). Also, recent studies have employed geographical information system (GIS) to study the 
proximity of the community to environmental air pollution sources as a proxy for exposure and 
adverse health impact. GIS allows to integrate multiple data sources, represent the data on graphs 
and apply various spatial techniques for proximity analysis (Chakraborty, Maantay & Brender, 
2011). 
Purpose of Study 
The purpose of the study is to examine whether residential proximity to multiple 
environmental air pollution sources (industries and freeway) and individual-level risk factors 
(age, gender, and body mass index (BMI)) contribute to the observed poor cardiovascular and/or 
respiratory health outcomes in the residents of the Southeast Community in Newport News, 
Virginia.   
Problem Statement 
In certain communities, individuals are exposed more to the environmental air pollution 
due to emissions from the industries and vehicles on major roadways located nearby and 
therefore have increased the risk for poor cardiovascular and respiratory health outcomes. One 
such community is the Southeast community in Newport News, Virginia as shown Figure 1. The 
community is about 4 miles long and 2 miles wide. Its population is 11.2% White, 85.7% 
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African-American and rest American-Indians and Asians (U. S. Census Bureau, 2015a), with 
57% of median household income below the state average, and 65.8% with high school 
education (U.S. Census Bureau, 2015a). According to the 2012 Virginia Health Equity Report, 
this community has been identified as one of the most vulnerable areas because of the high rates 
of poor cardiovascular and/or respiratory health outcomes observed in the residents (Virginia 























Residents in the community are disproportionately exposed to environmental air pollution due to 
the creation and use of Interstate 664, and the various industrial facilities operating in the area. 
Out of all known industrial facilities currently operating in the city of Newport News, 50% of 
them are located within the community. As seen from Figure 2, area with darker red scale 
represents region with higher expected count of residents compared to area with green scale 
which represents region with zero expected count of residents. Most of the residents were 
observed to be living in the area near industry and Interstate 664. Currently, environmental issues 
of concern are hazardous air pollutants, smog and particulate matter, diesel emissions and toxic 
chemical releases such as N-butyl alcohol, toluene, methanol and sulfuric acid. Respiratory 
problems like asthma, coughing, shortness of breath, bronchitis and heart problems like chest 
pain and heart murmurs are some of the health problems of concern in the community (United 
States Environmental Protection Agency, 2012) 
Significance of Study 
Environmental related factors such as residential proximity to air pollution sources like 
industries and traffic on major roadways running through the community have also been 
identified as major risk factors, along with commonly known risk factors like age, gender, and 
body mass index (BMI) for poor cardiovascular and/or respiratory health outcomes in an 
individual. Epidemiological studies conducted in the past have reported the link between poor 
cardiovascular and/or respiratory health outcomes and proximity to busy roads (Brunekreef et al, 
1997; Wilhelm and Ritz, 2003; Garshick, Laden, Hart and Caron, 2003; Gauderman et al., 2007; 
Kim et al., 2008; McConnel et al, 2006) and polluting industrial facilities (Mohai & Bryant, 
1992; Brown, 1995; Szasz & Meusar, 1997; Evans & Kantrowitz, 2002). However, these studies 
have either explored residential proximity to the industrial source or residential proximity to the 
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major roadways. The significance of the current study is that it will explore both the pollution 
sources present in the community – industries and major roadways and it will also utilize the 
predictive dispersion model along with various GIS tools to show the dispersion pattern of 
pollutants from the industries in an ideal condition over the study area. The study will also 
analyze individual-level risk factors to examine if they contribute to the observed poor 
cardiovascular and/or respiratory health outcomes in individuals along with the environmental 
air pollution sources.  
Theoretical Framework 
Base Theoretical Framework. 
The presence of health disparities, particularly in some African-American communities 
have been documented across various cardiovascular and respiratory health outcomes. Factors 
contributing to the observed difference are multiple-factorial, including genetics, environmental 
factors and socioeconomic. The Stress-Exposure Disease Framework provides a basis for 
understanding the complicated relationship among essential determinants like residential based 
exposure to environmental pollution and risk for cardiovascular and respiratory disease, thus 
explaining why a certain individual is at an increased risk for poor health outcomes (Figure 2). 
The framework particularly hypothesizes that high correlation is observed between residential 
location and access to various community resources and exposure to environmental air pollution 
which results in the observed health outcomes in the individuals (Gee & Payne-Sturges, 2004; 





Figure 3. Stress-Exposure Disease Framework (Gee & Payne-Sturges, 2004) 
 
According to the framework, residential location affects individual’s exposure to various 
stressors, resources, and environmental pollution sources in the community. When the exposure 
to a stressor and environmental pollution sources combine to outweigh the community resources, 
it increases the individual’s vulnerability to respiratory and cardiovascular disease.  The 
framework also identified 112 measures or indicators which can help track environmental health 
differences and study the health outcomes at the community level (Gee & Payne-Sturges, 2004). 
  All of the measures are organized into four main categories, such as social processes, 
physical environmental hazards, body burden indicators and health outcomes which are defined 
as below (Payne-Sturges & Gee, 2006): 
•    The social processes are defined as psychosocial factors that may directly or indirectly lead to 
illness. They include all the elements, which are operating at an interpersonal level as well as the 
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societal level, for example, socio-economic status, employment opportunities, recreational parks, 
and activities, etc.  
•    The physical environmental hazards or exposures are defined as condition or activities that 
identify the potential for or occurrence of exposure to an environmental contaminant or 
hazardous condition, for example, toxic chemical agents, physical agents, biochemical stressors, 
etc.  
•    Body burdens indicators are biological markers in tissue or fluid that identify the 
presence of the substance or combination of substance that impacts human health, for example, 
lead, cadmium, mercury, arsenic, cotinine, etc. 
•    The health outcomes are defined as disease or conditions that may be related to exposure to 
environmental hazard or pollutants.  
Modified Framework. 
As per the framework, these four categories are complementary to each other, and it is 
not necessary or sometimes even possible to study all categories for an issue. Following this 
reasoning, the framework below would be used in the current study which has been modified and 
adapted from Stress-Exposure Disease Framework. The modified framework shows that 
residential proximity to various environmental air pollution sources is responsible for the poor 
cardiovascular and respiratory health outcomes in an individual.   
•    Residential location is the place of residence of the individual.  
•    Environmental air pollution is a factor affecting the external environment of the community. 




•    Health outcomes are observed changes in the health status of the individual. For this study, 




















The purpose of Chapter II is to review the literature related to the risk factors associated 
with poor cardiovascular and respiratory health outcomes.  The risk factors are categorized into 
two main categories – environmental factors and individual-level factors. The environmental risk 
factors include exposure to air pollution from sources like industries and vehicle emissions due 
to residential proximity and the individual-level risk factors include age, gender, body mass 
index (BMI) and smoking. Also, the technology used to examine how the risk factors linked to 
the health outcomes are presented.  
Introduction 
In the year 2013, overall cardiovascular disease death rate was 222.9 per 100,000 
Americans, and the death rates were 269.8 and 184.8 for men and women respectively 
(Mozaffarain et al., 2016). Where a person lives, works and plays can significantly influence his 
or her exposure to environmental air pollution (Bullard & Wright, 1992), along with the 
availability of other community factors, e.g., access to healthy food and recreational parks and 
can, therefore, affect the overall health of an individual. This may partially explain to a certain 
extent why certain individuals in the United States are healthier and why some are not (Center 
for Disease Control and Prevention, 2014). Although risk factors have been identified and 
studied, the lack of understanding of association between the area level and the individual-level 
risk factors hinder the ability to explain the exact role of community or neighborhood 
environment as a risk factor (Diez Roux et al., 1997; Sundquist, Malmstrom, Johansson, 1999; 
Yen and Kaplan, 1999). That further deters efficient resource allocation to the community 
impacted by health and social disparities.  
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Research on Residential Proximity to Air Pollution Sources 
Most of the epidemiological studies, which have examined the association between 
residential proximity to busy roads, have focused mainly on poor respiratory health outcomes in 
children like childhood asthma and decreased lung function (van Vliet et al. 1997; English et al., 
1999; Venn et al. 2000; Brauer et al. 2002; Nicolai et al. 2003; Zmirou et al. 2004; Gauderman et 
al. 2005). And the studies, which have examined the association between residential proximity to 
industrial sources, have mainly focused on race/ethnicity of the population living near the 
industrial source (Napton and Day, 1992; Greenberg, 1993; Zimmerman, 1993; Perlin, Sexton 
and Wong, 1999; Anderton, Anderson, Oakes and Fraser, 1994; Bowen, Salling, Haynes and 
Cyran, 1995). This section will provide a brief highlight on some of the studies which have 
examined associations between poor respiratory and cardiovascular health outcomes and 
residential proximity to busy roads and industrial sources respectively.  
Residential Proximity to Major Roads 
Environmental air pollutants like carbon monoxide, nitrogen oxides, sulfur dioxide, 
ozone, lead, particulate matter (PM), volatile organic compounds like benzene along with 
polyaromatic hydrocarbons are the primary pollutants released from the vehicular exhaust. 
Particulate matter in the air has been strongly associated with hospital admissions, and 
cardiopulmonary mortality (Brook et al., 2004; Boothe, 2008) and motor vehicles are the primary 
sources for these particulate matters. Cross-sectional and longitudinal epidemiological studies 
have consistently shown a significant association between residential proximity to highways with 
increased exposure to ozone and particulate matter and poor cardiovascular and respiratory 
health outcomes (Peters et al., 1999; Gauderman et al., 2000; Tager et al., 2005; Brugge et al., 
2015). Some of the characteristics like duration of residence at the same home, prenatal history 
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and allergies (London et al., 2001; Penden 2000) are found to increase the risk for poor 
cardiovascular and respiratory health outcomes. The concentrations of essential pollutants from 
the traffic are frequently observed to be elevated next to major highways and freeways.  
Many of the past studies have investigated whether living close to major roads and 
freeways increases the risk for poor cardiovascular and respiratory health outcomes, and have 
consistently reported that living close to major freeways with heavy traffic is significantly 
associated with childhood asthma, poor lung function, poor cardiovascular health and mortality 
(Gordian et al., 2006; McConnel et al., 2006; Gauderman et al., 2007; Kim et al., 2008). Most of 
these studies have used different metrics or combination of metrics like the distance of the 
residence from nearest major roads and freeways, variable radius buffers around the residence to 
explore traffic density and dispersion modeling for estimating the concentrations of the 
pollutants near residence as the exposure measure. For example, a case-control study (Lin, 
Munsie, Hwang, Fitzgerald and Cayo, 2002) conducted in Erie County, New York used variable 
radius buffer metric to investigate whether pediatric hospitalizations for asthma is related to the 
residence near roads with heavy traffic. This study used two radius buffers. One was of 500 m 
zone and the second one of 200 m zone drawn within the 500m zone for the residence. After 
adjusting for age and poverty, it was observed that the children hospitalized for asthma were 
more likely to live on the roads with heavy traffic passing by within 200m of their residence but 
no significant association was observed for asthma hospitalization in children living within 500m 
of heavy traffic roads. This suggests that exposure within 200m of heavy traffic roads contribute 
more to asthma compared to 500m. The Cincinnati Childhood Allergy and Air Pollution Study 
(Ryan et al., 2005) used both variable radius buffer and logistic regression to examine the 
association between exposure to traffic-related air pollution at varying distances and wheezing in 
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infants less than 1 year of age. The exposure was classified with distances of less than 100m, 
150m, 200m, and 400m. Infants living within 100m of bus traffic had a significant increase in 
the risk of wheezing compared to infants unexposed to bus traffic. Several other studies have 
also reported similar findings of asthma risk being associated with the proximity to the traffic 
(Zhu et al., 2002; Gordian et al., 2006; McConnel et al., 2006).  
Some studies have also used the combination of metrics (Gauderman et al., 2005) in 
analysis or utilized several parameters and compared them (Batterman et al., 2014). For example, 
the Children's Health Study conducted by Gauderman and colleagues (2005) recruited two 
cohorts of fourth-grade children between 1993-1996 to examine the association between a long-
term effect of exposure to residential based traffic air pollution and respiratory health. Subjects 
in those cohorts were recruited from 12 southern Californian communities and were followed for 
up to 8 years.  The exposure to pollution from the traffic was characterized by using metrics – 
proximity of the residence to the nearest freeway or nearest major non-freeway road and model-
based estimates derived from the dispersion model. The hierarchical mixed-effects model was 
then used to examine the association between lung function and the exposure to traffic air 
pollution.  Study results showed that the residential proximity to the freeway traffic was 
associated with significant adverse effects on lung function in the children when controlled for 
height, BMI, exercise, and tobacco smoking.  The result was more prominent in the children 
living within 500m of the freeway compared to those who lived at least 1500m from the freeway 
(Gauderman et al., 2005). Another example is the Near-road Exposure and effects of Urban air 
pollutants Study (NEXUS) (Batterman et al., 2014) which examined how the exposure to air 
pollutants from nearby roadways is linked to respiratory health in children living in Detroit, 
Michigan. This study used several different metrics, including exposure due to proximity to 
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major roads, traffic volume, a mix of vehicle, traffic density and predicted the concentration of 
the pollutants from dispersion models. It compared the metrics, and several strengths and 
limitations were observed for each. The parameter of proximity to major roads was found easy to 
construct with minimal data requirements, but cutoff distances used were arbitrary and were 
sensitive to distance calculation. Next, the total traffic volume and the mix of vehicle metrics 
were easily constructed to select PM period of the day. However, it was difficult to estimate the 
needed traffic volume. The parameter of predicted concentrations of pollutants from dispersion 
models had several strengths, 1) it incorporated effects of emissions and meteorology; 2) it was 
derived for the specific period of the day, season or year but at the same time; finally, 3) 
comparisons of inter-studies were possible and meaningful.  
Recently studies (Kim et al., 2004; McConnel et al., 2006; Gauderman et al., 2007; Kim 
et al., 2008) have employed geographical information system (GIS) tools for estimating the 
residential proximity to major roadways. For example, English and colleagues (1999) used GIS 
to explore whether residence of children in a low-income population in San Diego County near a 
busy road is associated with asthma. The authors used 550ft radius circular buffers around 
residence for the exposure because most of the dispersion models indicate that 80-90% of the 
pollutants decay between 492 – 656ft and compared cases of asthma with random control of non-
respiratory diagnosis. Their study analysis showed no significant odds ratio for distribution of 
cases and controls with the traffic streets within the 550ft buffer. However, the cases who resided 
close to high traffic flows were more likely to have two or more medical visits for asthma 
compared to those who resided near low traffic flow. This may indicate that the exposure to high 
traffic may aggravate the asthmatic symptoms in the individuals who are already diagnosed with 
asthma (English et al., 1999). The East Bay Children's Respiratory Health Study (Kim et al., 
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2004; Kim et al., 2008), conducted in the San Francisco Bay Area in 2001, also examined 
asthma, and other respiratory symptoms, in 1109 children living at varying distance from high-
traffic roads. The study obtained the information on health outcomes, demographics and home 
environmental factors using parental questionnaire. The concentrations of various traffic 
pollutants like PM, black carbon, total nitrogen oxide and nitrogen dioxide were measured at the 
study sites, and GIS tools were used to assess the residential proximity to traffic. The 
associations between the pollutants and health outcomes were examined using hierarchical 
modeling strategy, and a significant association was observed between current asthma rates and 
residential proximity to traffic, with the highest risk observed in those living within 75m of a 
freeway. Those living at their current residence for at least one year had a significant increase in 
bronchitis symptoms. McConnell and colleagues (2006) conducted a new cohort study that 
recruited children from schools in 13 southern Californian communities. The residential 
distances to the middle of the nearest major roads were categorized as < 75 m, 75 – 150 m, 150 – 
300 m and > 300 m.  The study reported an increased risk for asthma among children within the 
75 m compared to those living at least 300m from a major road.  Also, the risk factor increased 
in residents who have been living at the same location for two years of age.  Finally, significant 
increase (p = 0.02) was observed in risk for lifetime asthma among girls (OR = 2.51) compared 
to boys (OR = 0.94) (McConnel et al., 2006). Gauderman and colleagues (2007) later conducted 
a follow-up study, including 208 children that had lived at the same home and were randomly 
selected from the ten southern California communities from the original Children's Health Study 
(Gauderman et al., 2005). ArcGIS was used to calculate the distance of residence to nearest 
interstate freeways, U.S. highway or limited access highway. There was a strong association 
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between exposure to traffic-related air pollution at homes and lifetime history of asthma, current 
asthma medication uses and wheezing (Gauderman et al., 2007).  
As seen earlier, most of the population-based studies have focused on children and 
examined the relationship between residence and traffic density on nearby roadways. Garshick 
and colleagues (2003) explored the relationship between adult respiratory disease and exposure 
to vehicular traffic. This study employed GIS tools to assess the relationship between respiratory 
symptoms of U.S male veterans from southern Massachusetts and residential proximity to major 
roadways. Men living within 50 m of a major highway experienced 30% excess wheezing 
problems compared to those living more than 400m away when adjusted for cigarette smoking, 
age and occupational exposure (Garshick, Laden, Hart, and Caron, 2003). The concentrations of 
the pollutants from the vehicular traffic are consistently found to be high near the roadways. 
However, accurate assessment for pollutant location and concentration is necessary to identify 
where the hazards are present and their effect. GIS tools can be used to estimate the residential 
distance to major roadways accurately with relatively little error. 
Residential Proximity to Industries 
The studies, which have explored the residential proximity to industrial pollutant sources, 
have mainly examined the race/ethnicity of the populations living nearby (Greenberg, 1993; 
Zimmerman, 1993; Perlin, Sexton and Wong, 1999). Some of them have found a positive 
correlation between race/ethnicity and residential proximity to polluting industries while some 
have reported no evidence of positive correlation (Napton and Day, 1992; Anderton, Anderson, 
Oakes and Fraser, 1994; Bowen, Salling, Haynes and Cyran, 1995). The data from the REACH 
U.S Risk Factor Survey showed that for 30 communities which were studied in the United 
States, minority communities when compared with the general population living in the same 
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county have greater risk factors for chronic diseases like cardiovascular and respiratory (Center 
for Disease Control and Prevention. 2015b) and it has been commonly observed that African-
Americans and the Latinos are more likely to live in the areas with reduced air quality than are 
Whites (Anderton, Anderson, Oakes and Fraser, 1994).  
A study by Perlin, Wong, and Sexton (2001) examined the interaction of socio-
demographic variables in relation to residential proximity to industrial pollution sources and to 
determine whether certain populations were more likely than others to live closer to these 
sources in three areas: Kanawha Valley, WV; lower Mississippi River from Baton Rouge to New 
Orleans and Baltimore, MD.  The study compared the socio-demographic characteristics of 
populations living up to 3 miles from industrial facilities. A consistent pattern was observed for 
all three regions namely Whites above poverty were located farthest from the nearest industrial 
facility, while the African-American were located closest to the nearest industrial facility (Perlin, 
Wong and Sexton, 2001). Peters et al. (2001) investigated the association between the chronic 
health of children and air pollution in Southern California. Specific residential, demographic and 
family characteristics were associated with higher respiratory disease prevalence rates in 
Southern California, which was independent of the outdoor air quality. The identified risk factors 
were being African-American or American-Indian ethnicity, smokers in the home and low socio-
economic status (Peters, Dockery, Muller and Mittleman, 2001). Morello-Forsch, Pastor, and 
Sadd (2001) highlighted similar findings from their study focused on the hazardous air pollutants 
at county and census tract level.  This study also found a strong association between the 
percentage of minorities and hazardous air pollutants concentration as well as pollutant related 
poor health outcomes.  
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One of the classic examples of this phenomenon found in the literature occurred in South 
Central Los Angeles. In the Los Angeles air basin, over 71% of African-Americans and 50% of 
Latinos lived in areas with the most polluted air while only 34% of Whites lived in these highly 
contaminated areas. The South Los Angeles neighborhood was in the "dirtiest" zip code in 
California. This 1-square mile area was saturated with abandoned toxic waste sites, freeways, 
smokestacks and wastewater pipes from the polluting industries. Some 18 industrial firms in 
1989 discharged more than 33 million pounds of waste chemicals into the environment. The 
population living in the zip code area corresponding to this neighborhood was 59% African-
American and 38% Latino (Bullard & Wright, 1992). There was another study conducted by 
Pastor, Sadd, and Hipp (2001) also in the Los Angeles area and examined the correspondence 
between polluting industrial facilities and disadvantaged communities. The study covered the 
time-period of 30 years and it explored the distribution of hazardous waste storage and disposal 
facilities and toxic air releases. It was found that toxic industrial facilities tend to be located in 
vulnerable communities rather than the other way around (Pastor, Sadd & Hipp, 2001). And 
similar results were observed in the study conducted by Saha and Mohai (2005) in the state of 
Michigan which covered 50-year time-period (Saha & Mohai, 2005). 
Limitations of Previous Studies 
To conclude, we saw that the residential proximity studies for polluting industrial sources 
described above have mostly examined racial and socioeconomic disparities of the study 
populations while residential proximity studies for polluting traffic sources have reviewed the 
distances of the study population from the source. Epidemiological studies which examine the 
health effects of environmental pollutants from various sources are needed in conjunction with 
these studies to make further inferences. However, the two bodies of research have not yet been 
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combined and some, of the reasons for it could be that data on environmental exposure broken 
by race and income, are still very limited for the number of settings like workplace, school, and 
neighborhood. And isolating the effects of environmental factors is very difficult as the 
population that is exposed are also affected by many other secondary factors like poor housing, 
lack of access to healthcare, insufficient nutritious food, etc. Also, there is lack of longitudinal 
data that would allow for examination of how changes in environmental exposure over time are 
linked to health outcomes as well as how such changes are moderated by race and income (Evans 
& Kantrowitz, 2002). 
Research on Individual-Level Risk Factors 
The poor cardiovascular and respiratory health outcomes observed in an individual are 
affected not only by the external environmental factors like exposure to air pollutants but also by 
factors which act at individual-level like age, gender, body mass index (BMI) and smoking. This 
section will provide a brief highlight on how these individual-level factors are associated with 
the adverse cardiovascular and respiratory health outcomes.  
Age and Gender 
We know cardiovascular disease or more commonly known as heart disease is the 
leading cause of death in both men and women in the United States but there is a significant 
difference in prevalence of heart disease when seen by age and gender. As per a study by 
Anderton, Anderson, Oakes, and Fraser (1994), the elderly population and children are more 
susceptible to adverse effects of the exposure to environmental pollution when compared to the 
general population (Anderton, Anderson, Oakes, and Fraser; 1994). Heart disease is the leading 
cause of death for men of the most racial group in the United States, which includes African-
American, American Indians, Hispanics, and Whites. In the year 2007, age-adjusted deaths in 
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men due to cardiovascular disease was 300 per 100,000 compared to 212 per 100,000 in women. 
The prevalence of heart disease in women is also seen to vary per the racial/ethnic background. 
In women aged 20 years or older, the prevalence of cardiovascular disease was 47% among 
African-Americans, 34% among Whites and 31% among Mexicans Americans (Mosca, Barrett-
Conner, and Wenger, 2011; Center for Disease Control and Prevention, 2016d). Figure 4 below 
shows that the prevalence of heart disease is higher and increases in men compared to women 










Body Mass Index (BMI) 
Obesity is becoming a global epidemic and is found to be associated as an independent 
risk factor with numerous conditions like cardiovascular disease, hypertension, etc. While 
obesity requires technical equipment for its precise measurement, body mass index (BMI) is 
22 
 
frequently used as a surrogate measure of obesity in adults as well as children. In adults, 
overweight is defined as BMI of 25 to 29.9 kg/m2 and obesity as BMI greater than 30 kg/m2.  
Overweight and obese individuals are more likely to have respiratory symptoms like asthma and 
to wheeze compared to individuals with normal BMI. The frequency of self-reported symptoms 
of asthma and wheezing are observed to increase with an increase in the BMI. Beuther and 
Sutherland (2007) have demonstrated in their meta-analysis of the epidemiological studies that 
prevalence of asthma was higher by 38% in overweight patients and by 92% in obese patients. 
Another study by Schachter et al. (2001), also demonstrated that symptoms of asthma increased 
with the rise in BMI.  
Individual's diet plays a significant role in preventing as well as developing 
cardiovascular related health problems. Overweight and obesity predispose individuals to 
increased risk for cardiovascular diseases like hypertension, coronary heart disease and heart 
failure and risk are shown to be elevated in individuals with central deposition of adipose tissues. 
A large study by US Department of Health and Human Services (2001) demonstrated that 10 kg 
increase in body weight is associated with 3 to 2.3 mmHg increase in blood pressure and this 
increase translated into an estimated 12% increase in coronary heart disease. Results from 
NHANES III study also showed that prevalence of hypertension increased with increase in BMI 
from 15% at BMI < 25 kg/m2 to 42% as BMI of 30 kg/m2 in men and from 15% kg/m2 at BMI < 
25 kg/m2 to 38% at BMI of 30 kg/m2 in women (Brown et al., 2000).  
The prevalence of obesity is found to be significantly higher among African-American 
and Hispanic populations compared to White, and these associations are found to differ by 
gender (Chang and Lauderdale, 2005). Although the exact mechanism by which certain foods 
interact to increase the risk for cardiovascular disease is not very well understood, it is suggested 
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that diet low in fats and sodium, and high in fiber fruits and vegetables decreases the individual's 
risk for heart disease. In the year 2010, 58000 annual deaths due to cardiovascular disease were 
due to sodium intake of more than >2.0g/d, therefore representing 6.3% of all cardiovascular 
disease death (Morland, Wing, Roux and Poole, 2002). The studies examining obesity as the risk 
factor for cardiovascular illness usually measure obesity as mean body mass index (BMI) value, 
waist circumference or prevalence rates of obesity. The results so far from some of the studies 
have been conflicting with some reporting higher BMI rates in African-Americans and Mexican-
Americans than Whites (Winkleby, Kraemer, Ahn and Varady, 1999; Harwell et al., 2001) while 
some have reported no significant difference (Finkelstein, Khavjov, Mobley, Haney, and Will, 
2004).  
Smoking  
Cigarette smoking rates have declined in the United States, but still, it remains more 
common in men compared to women. Almost one-third of heart disease and respiratory deaths 
are attributed to smoking and exposure to secondhand smoke in spite that the percentage of 
adults who reported current cigarette use declined from 24.1% in 1998 to 16.9% in 2014 
(Mozaffarain et al., 2016). One of the studies that have explored smoking as the risk factor for 
cardiovascular illness has reported that Mexican-Americans have a significantly lower 
prevalence of smoking than Whites and African-Americans (Kurian and Cardarelli, 2007). 
Another longitudinal study conducted by Greenlund and colleagues in five communities showed 
that White women had higher smoking prevalence than African-American in two sites while the 





Research on Other Risk Factors 
The literature shows that there are certain community or neighborhood levels factors like 
access to healthy food options and recreational spaces, where individual lives are indirectly 
associated with the poor cardiovascular and respiratory health outcomes. This section will briefly 
address these factors but they are not included in the study because of the limitations of the 
available data.   
Limited Access to Healthy Food Options  
Dietary choices made by individuals are influenced by a variety of factors like 
convenience and cost (Glanz, Basil, Maibach, Goldberg and Snyder, 1998). One of the 
neighborhood factors that are related to behavioral choices and obesity is the availability of local 
area food stores. Studies have shown that larger sized food stores such as supermarkets are more 
likely to stock healthy food and offer food at lower cost (Chung and Myers, 1999; Horowitz et 
al., 2004). They have also been associated with more fruits and vegetables and lower rates of 
obesity (Laraia et al, 2004). Cost of the food is found to be associated with the diet quality and 
one study showed that there is a correlation between diet quality and availability of healthy food 
(Fisher and Strogatz, 1999). Some of the studies conducted in the past showed that cost is the 
most significant predictor of the food choices made by people and therefore making healthy 
eating habits difficult to achieve. It is generally seen that healthier food costs more for people 
with low salary and hence they rely more on processed food (Morland, Wing, Roux and Poole, 
2002). Many other studies also reported similar findings like residents in disadvantaged 
communities with low-income are forced to depend to small stores which have a limited 
selection of food and are high-priced (Curtis and McClellan, 1995). One study compared 
supermarkets, neighborhood grocery stores and convenience stores and health food stores in San 
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Diego, California. They found that supermarkets had twice the number of healthy food items 
when compared to neighborhood grocery stores (Sallis, Nader, Rupp, Atkins and Wilson, 1986). 
The location of food stores in the United States has been explored by community's socio-
economic status and racial and ethnic characteristics. For example, according to U.S. Department 
of Agriculture, in the year 2009, 40% of U.S. households did not have easy access to 
supermarkets. Individuals who live in communities which have a large grocery store or 
supermarkets have better access to fresh fruits and vegetables as well as other healthy foods and 
research suggests that this access to healthy food is often observed to be lower in people of rural, 
low income and disadvantaged communities (US Department of Agriculture, 2009; Powell et al., 
2007). The results of the study by Morland showed that location of food stores is strongly 
associated with wealth and racial composition of the community. Fewer households in the 
disadvantaged community have access to transportation services and therefore have difficulty in 
obtaining healthy food. So, lack of transportation and supermarkets suggest that these 
communities might be at a disadvantage of achieving a healthy diet (Morland, Wing, Roux and 
Poole, 2002). Another study by Shaffer found that predominantly White versus predominantly 
Black zip codes in Los Angeles County have more supermarkets per household (Shaffer, 2002).  
Replacing the unhealthy high-calorie diet with the intake of fruit and vegetables can considerably 
reduce the risk for conditions like heart disease but they are found to be under-consumed in the 
United States, and most people do not consume the recommended amount of fruits and 
vegetables (Center for Disease Control and Prevention, 2011).  
Lack of Recreational Spaces   
Regular physical activity has been associated with reduced morbidity and mortality due 
to heart disease. According to Center for Disease Control and Prevention, adults require 150 
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minutes of physical activity per week (Center for Disease Control and Prevention, 2015c) 
Racial/ethnic minorities and low-income populations are less likely when compared to Whites to 
meet this recommended physical activity goal. The case involves a combination of factors like 
social, economic and environmental barriers (Taylor, Floyd, Whiitt-Glover and Brooks, 2007). 
These days, because of the increase in sedentary jobs and easy transportation, leisure time 
physical activities are essential to fulfilling the recommended physical activity goal. One of the 
places to achieve this is local parks in the neighborhood or community which are available to 
residents at low or no cost (Bedimo-Rung, Mowen and Cohen, 2005). Disparities have been 
observed regarding access to such local parks in low-income and racial minorities (Taylor, 
Floyd, Whiitt-Glover and Brooks, 2007). For example, a study by Moore and colleagues 
examined differences in availability of recreational resources in North Carolina, New York, and 
Maryland and it reported that minority neighborhoods had significantly less recreational facilities 
when compared to Whites (Moore, Diez Roux, Evenson, McGinn, Brines, 2008).  
Use and Limitations of Geographical Information System (GIS) in Environmental 
Pollution Studies 
The evidence so far from all the studies promoted researchers to further conduct 
quantitative analysis on the racial and socioeconomic disparities in the distribution of 
environmental pollutants. Some of the commonly used geographical information system (GIS) 
tools for quantitative analysis include unit hazard coincidence, buffer generation, and risk-based 
approach. Most of the quantitative analysis done so far in all the national level environmental 
justice studies have employed what is commonly known as the "unit hazard coincidence" 
approach (Anderton, Anderson, Oaks & Fraser, 1994; Anderton, Oaks & Egan, 1997; Daniels & 
Friedman, 1999; Davidson & Anderton, 2000). In this method, the researcher selects some 
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geographical unit, for example, a census tract or zip code area and determines which unit 
contains the source of interest and which do not. And then demographic characteristics of the 
area that includes the source is compared with that which do not provide the source (Mohai & 
Saha, 2006). This method of unit-hazard coincidence has several limitations such as, 1) most 
applications do not differentiate between spatial units that host one source and those which 
contain several sources; 2) it ignores the boundary effect that deals with the possibility that a 
facility could be located very close to edge of host unit and that non-host could equally be 
exposed and lastly it is assumed that exposure to hazards is distributed uniformly around host 
unit and restricted to only their boundaries and 3) pre-defined geographical units are very 
unlikely to represent the actual size or shape of the area exposed to the adverse health effects 
(Chakraborty, Maantay & Brender, 2011).  
Another method commonly used is buffer generation. Buffers of various sizes have been 
used in the environmental studies to identify the populations at risk. Demographic characteristics 
of the population within a buffer is typically compared to the rest of the study to determine the 
disproportionate exposure. Radii of the buffers have ranged from 100 yards to 3 miles but most 
commonly used distances are 0.5-1.0 mile. While the buffer technique provides a more accurate 
representation of potential exposure to hazards, it has its own limitations. First, the radius of a 
buffer is chosen arbitrarily. The buffers have the same radii around all the hazards in the study. 
The properties of the toxic substances released at each individual facility or the environmental 
fate of the substances are rarely considered when determining the radii of the buffer. Next is the 
assumption that effects of the toxic pollutants are limited to the area in the buffer and that outside 
is unaffected (Chakraborty, Maantay & Brender, 2011).  
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Advances have been made in employing risk-based approaches in environmental studies. 
Rather than examining proximity to the source of environmental pollutant source, for example 
like distance to industrial facilities or hazardous waste sites, the risk-based approach uses the 
dispersion of pollution risk itself to see where the pollution burden falls. This method typically 
employs mathematical models which consider factors like quantity and type of toxic emission 
released, the timing of the release, exit velocities, wind speed directions, and other factors. 
Ringquist in a literature review found that studies that employ geographical information system 
(GIS) methods like distance based approaches tend to find greater racial and socioeconomic 
disparities in the distribution of the environmental pollutant source than those employing census 
tract or zip code areas (Ringquist, 2005).  
Although the number of risk-based environmental studies have increased, they are more 
likely to complement rather than replace the proximity-based studies because the latter are more 
useful in examining where people are located in relation to physical structures that may generate 
environmental pollution concerns beyond health outcomes and also they represent what is known 
as "hard data" where physical presence of the noxious facilities are subjected to minimal 
ambiguity while risk-based analysis is often hampered with incomplete data and imperfect 
modeling assumptions (Mohai, Pellow & Roberts, 2009). 
Community Case Studies in San Francisco Bay Area 
The literature reviews on the residential proximity studies showed that most of the studies 
were conducted with populations in California. This section discusses some of the recently 
conducted community case studies in San Francisco Bay of California to get an idea on the type 




Crockett (Contra Costa County) 
Crockett is in northern Contra Costa County where the Carquinez Bridge (Interstate 80) 
crossover Carquinez Strait and is home to approximately 3,151 people per 2010-2014 ASC 5-
year. The community population is 79.8% White (U.S. Census Bureau, 2015a). For this 
community, the African-American and Hispanic population is significantly below state average 
and length of stay since moving in significantly above the state average (City Data, 2013). 
Crockett is home to major food processing industries, heavy-rail transfer facilities and many 
high-risk facilities which are sources for dioxin and mobile emission sources. Apart from these, 
there are also oil refineries and major oil storage facilities which are located within proximity to 
Crockett. California Air Resources Board (ARB) sponsored a study to investigate the 
relationship between air pollution and children's health because they are more vulnerable to 
environmental pollution and have higher exposure relative to their body size when compared to 
adults. In the long term, environmental air pollution can adversely affect children's lungs and 
heart. Air monitoring was conducted from 2001 to 2003 to examine the impact of exposure to 
industrial facilities and mobile source emission on children's health. Air monitoring stations were 
located at two schools which were an approximately one-half mile from Interstate 80. Some of 
the key pollutants measured were particulate matter, ozone, benzene and 1-3, butadiene which 
causes respiratory problems, asthma and cancer. The study results of the site were compared with 
two other closest air monitoring sites in San Pablo and Vallejo, and comparisons showed that air 
quality from all three sites was reasonably similar except for the levels of particulate matter 
which were found to be little higher in San Pablo. This suggested that it is identical regional 
rather than local conditions which are primary factors influencing the levels of air pollutants 
(California Protection Agency, n.a.).  
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Fruitvale (Alameda County) 
Fruitvale is located between two major East Bay freeways – I-88 and I-580 which are 
significant sources of vehicular emission and is home to approximately 49,990 people according 
to 2010-2014 ASC 5-year. The community population is 38.8% White and 17% African-
American (U.S. Census Bureau, 2015a). Fruitvale is also downwind to several industrial 
operations that are sources for toxic air pollutants. Similar to Crockett, air monitoring study was 
conducted in Fruitvale by California Air Resources Board (ARB) between 2001-2003 to 
investigate the impact of exposure to industrial facilities and mobile source emission on 
children's health. An air monitoring station was in a school which was a few miles south of 
downtown Oakland. More than 50 air pollutants were measured which included both toxic and 
six main pollutants. The study results from Fruitvale were compared to two other long-term 
monitoring sites in Oakland and Fremont, and it showed that average levels of criteria air 
pollutants were comparable with the data from other two sites but exceeded the state standard for 
particulate matter (California Protection Agency, n.a.).  
Richmond (Contra Costa County) 
Richmond is in San Francisco Bay Area in Contra Costa County, California. The 
community which is in the zip code 94801 is one of the poorest in the state and is home to 
approximately 29,269 people according to 2010-2014 ASC 5-year. The community population is 
47.7% White and 18.2% African-American (U.S. Census Bureau, 2015a). As per one of the 
health studies conducted for the community, the prevalence of asthma among children in 
Richmond was 17%, and this was significantly high when compared to the national average 
(7%). And the prevalence of asthma among adults who have lived in Richmond more than 15 
years was 34.9%. This was much higher than those who were recent residents (9.2%) and the 
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national average (8.7%). Other notable health problems related to environmental air pollution 
were headache, eye irritation, and skin irritation. One of the worst environmental polluting 
industries in the area is Chevron which is in the zip code 94801. The industry stores over 11 
million pounds of toxic and explosive chemicals. Chevron had 304 accidents between 1989 and 
1995 which included an explosion, toxic gas releases, and air contamination and the latest 
explosion occurred in 2012. In 1993, Chevron increased its chemical storage and number of toxic 
chemicals in Richmond Area. According, to the company, they were just trying to comply with 
mandates of the Clean Air Act and the entire process was part of developing cleaner-burning gas. 
Unfortunately, proposed changes increased the risk for the local community and increased 
pollution due to industry contributed to higher rates of asthma and respiratory allergies and heart 
disease in the residents (Cohen, Lopez, Malloy and Morello-Forsch, 2012). 
Summary 
Cardiovascular and respiratory disease are the leading causes of death in the United 
States. Recently, as seen above, factors which affect the external environment in which a person 
lives, works and play has been shown to increase the risk for poor cardiovascular and respiratory 
health outcomes, over and above other individual-level factors (age, gender, and BMI). 
Residential proximity to industries and highways increases exposure to toxic pollutants in the air 
like carbon monoxide, sulfur dioxide, ozone, particulate matter etc. Cross-sectional and 
longitudinal studies which have been conducted in the past have consistently shown that there is 
a significant association between increased exposure to toxic pollutants due to living close to 
industries and highways and poor cardiovascular and respiratory health outcomes. Apart from 
the external environment, literature also showed that there are individual-level factors like age, 
gender, and BMI which are associated with the poor cardiovascular and respiratory health 
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outcomes. It was seen that cardiovascular disease was the leading cause of death for both men 
and women and variations were seen per racial/ethnic background as well. A positive association 
was also observed between BMI and increased risk for the cardiovascular disease. At the 
community level, factors like limited access to healthy food options and lack of recreation spaces 
like parks for exercise were also observed to be associated with poor health outcomes in the 
residents of a community. The evidence collected from the previous studies have promoted the 
use of various geographical information system (GIS) tools like unit hazard coincidence, buffer 
generation and risk-based approaches for quantitative analysis on the distribution of 
environmental pollutants. GIS tools have been used in various community levels studies 
conducted across the United States. 
This study will examine whether there is any significant association between poor 
cardiovascular and/or respiratory health outcomes observed in the residents of one particular 
community located in the southeast of Newport News, Virginia and residential proximity to 
various environmental air pollution sources as well as individual-level risk factors using various 













The focus of the study was to examine the association between residential based exposure 
to environmental pollution sources and the poor cardiovascular and/or respiratory health 
outcomes in the residents of a community. Specifically, the study examined whether the distance 
of residence from various environmental pollution sources and number of years at the same 
residence were linked to the poor cardiovascular and/or respiratory health outcomes in the 
residents of the Southeast Community of Newport News, Virginia. Further, the study also 
examined whether any of the individual-level risk factors (age, gender and body mass index 
(BMI)) were linked with the poor cardiovascular and/or respiratory health outcomes in the 
residents of the community.  
Research Questions 
Specific research questions that were addressed in the study are as follows: 
1. Is the distance of residence from environmental pollution sources linked 
to the poor cardiovascular and/or respiratory health outcomes in the residents of the community? 
1a. Is the distance of residence from industrial pollutant source linked to the poor cardiovascular 
and/or respiratory health outcomes in the residents of the community? 
1b. Is the distance of residence from traffic pollutant source linked to the poor cardiovascular 
and/or respiratory health outcomes in the residents of the community? 
2. Are the number of years at the same residence linked to the poor cardiovascular and/or 
respiratory health outcomes in the residents of the community? 
3. Are the individual-level risk factors (age, gender and body mass index (BMI)) linked with the 
poor cardiovascular and/or respiratory health outcomes in the residents of the community and do 
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the association observed between poor health outcomes in the residents and exposure to 
environmental pollution vary according to demographic factors? 
Hypotheses 
The specific hypotheses that were evaluated and tested in the research study are as 
follows: 
Hypothesis 1a 
H0: The distance of residence from industrial pollutant source is not linked to the poor 
cardiovascular and/or respiratory health outcomes in the residents of the community.  
H1a: The distance of residence from industrial pollutant source is linked to the poor 
cardiovascular and/or respiratory health outcomes in the residents of the community. 
Hypothesis 1b 
H0: The distance of residence from traffic pollutant source is not linked to the poor 
cardiovascular and/or respiratory health outcomes in the residents of the community.  
H1b: The distance of residence from traffic pollutant source is linked to the poor 
cardiovascular and/or respiratory health outcomes in the residents of the community.  
Hypothesis 2 
H0: Number of years at the same residence are not linked to the poor cardiovascular and/or 
respiratory health outcomes in the residents of the community. 
H2: Number of years at the same residence are linked to the poor cardiovascular and/or 
respiratory health outcomes in the residents of the community. 
Hypothesis 3 
H0: Individual-level risk factors (age, gender and body mass index (BMI)) are not linked to the 
poor cardiovascular and/or respiratory health outcomes in the residents of the community and do 
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not affect the association observed between poor health outcomes in the residents and exposure 
to environmental pollution.  
H3: Individual-level risk factors (age, gender and body mass index (BMI)) are linked to the poor 
cardiovascular and/or respiratory health outcomes in the residents of the community and do 
affect the association observed between poor health outcomes in the residents and exposure to 
environmental pollution. 
Research Design 
This was a retrospective cross-sectional study aiming to explore the poor cardiovascular 
and/or respiratory health outcomes in a population at a given time. This would allow for 
evaluation of multiple outcomes/factors and exposures at the same time. 
Study Setting and Study Sample 
The study area was in Southeast Community in Newport News, Virginia. This 
community is approximately 4 miles long, 2 miles wide and defined by zip code 23607. It is 
home to approximately 22,825 people according to the 2010-2014 ACS 5-year estimates and 
representing nearly 13% of the Newport News population (U.S. Census Bureau, 2015a). A total 
of 302 residents participated in the study. The demographics and health outcomes data were 
obtained using surveys after getting informed consent. 
Power Analysis and Sample Size Calculation 
A priori power analysis was conducted based on logistic regression to determine the 
minimum sample size required for this study using Gpower version 3.1.9.2 (Faul, Erdfelder, 
Buchner, and Lang, 2009). Specifically, the power analysis was conducted based on the 
hypothesis that participants with closer distance to environmental pollution sources (distance to 
traffic) are more likely to have poor health outcomes. According to Table 2 of Garshick, Laden, 
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Hart, and Caron (2003), for subjects with various self-reported poor respiratory symptoms within 
residence ≤ 50 meters to road, 35.66% (184/516) had developed persistent wheeze, 25.04% 
(127/507) had developed chronic cough, and 28.83% (145/503) had developed chronic phlegm. 
Additionally, the odds ratios were 1.33 (persistent wheeze), 1.42 (chronic cough), and 1.35 
(chronic phlegm) when comparing subjects with residence ≤ 50 meters to the road to subjects 
with residence > 400 meters to the road. A more recent study observed a 2-fold increase in 
poorly controlled asthma (OR = 2.11) among asthmatic adults in the highest quintile of traffic 
density after adjusting for age, sex, race, and poverty (Meng, Wilhelm, Rull, English, & Ritz, 
2007). 
Thus, the power analysis made the following assumptions: 1) distance to traffic is a 
categorical variable with two levels (< 0.09 mile vs. ≥ 0.09 mile) based on size of the study 
community and study sample distribution and 40% of subjects living < 0.09 mile to traffic would 
have poor health outcomes (poor cardiovascular and/or respiratory health outcome); 2) a medium 
effect size (Haddock, Rindskopf, & Shadish, 1998); 3) a multiple correlation of 0.1 between the 
predictor of interest and the others in the model (Hsieh, 1989). For a two-sided test with a 
significance level of 0.05 and a power of 0.8 to show that participants with closer distance to 
environmental pollution sources (distance to traffic) are more likely to have two 2-fold increase 
in poor health outcomes (OR = 2.11 from Meng et al., 2007), the minimum sample size needed 
for the study was 268. 
Survey Collection 
The data on demographics and health outcomes was collected by conducting surveys 
among the residents of the community. A pilot test was conducted with a group of residents for 
testing and evaluating the survey question and based on the responses, survey questions were 
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modified and re-written to avoid biased answers. Most of the survey questions were in multiple-
choice format, whereby the residents could choose a best fitting response to the questions. The 
survey questions also asked residents for their birthdate, height and weight which were later used 
to calculate variables like age and body mass index (BMI) respectively of the residents for the 
study. The surveys were later distributed among the participants who attended the series of three 
symposia – "Is My Neighborhood Killing me?" as well as at local events and fairs. It was 
convenience sampling as sample included the residents who were willing to complete the survey. 
The participants were first given brief description and purpose of the survey, and if they were 
willing to participate, informed consent was given followed by the main survey. The surveys 
were completed by the residents themselves and to protect the confidentiality they were coded by 
removing any identifying information. 
Independent and Dependent Variables 
Dependent Variable 
1. Poor cardiovascular (chest pain, heart murmur, irregular heartbeat, heart disease and high 
blood pressure) and/or respiratory (shortness of breath, wheezing, coughing, hoarseness, asthma, 
bronchitis) health outcomes in residents of the community.  
Independent Variables 
1. Distance of residence from the industrial pollutant source 
2. Distance of residence from the traffic pollutant source 
3. Number of years at the same residence 
4. Age 
5. Gender 









Definitions of Variables (Theoretical and Operational) 
 












Cardiovascular illness is a condition 
that affects the heart and blood 
vessels (chest pain, heart murmur, 
irregular heartbeat, heart disease and 
high blood pressure). 
Respiratory illness is a condition that 
affects the tissues and organs of the 
upper respiratory tract (shortness of 
breath, wheezing, coughing, 
hoarseness, asthma, bronchitis). 
Self-reported yes to any of 
the respiratory or 
cardiovascular illness 
mentioned in a survey by 
individual (Categorical).  
    
Independent Variables 
1. Distance of 
residence from the 
industrial 
pollutant source 
Distance is the length of the path 
connecting industrial pollutant 
source and residential location. 
Distance in miles between 
the industrial pollutant 
source and individual 
residential location 
(Continuous).  
    
2. Distance of 
residence from the 
traffic pollutant 
source 
Distance is the length of the path 
connecting traffic pollutant source 
and residential location. 
Shortest distance in miles 
between the Interstate 664 
and individual residential 
location (Continuous). 
    
3. Number of years 
at the same 
residence 
Number of years at the same 
residence is the total number of 
years lived at the same location 
(house). 
Self-reported number of 
years lived at the same 
residential location by an 
individual (Continuous). 
    
4.  Age Age is the length of time in 
completed years that a person has 
lived (U.S. Census Bureau, 2013). 
Self-reported age recorded 
in the survey (Continuous). 
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Table 1 (continued) 
 Variable Theoretical Operational 
5. Gender Gender is a social construction 
whereby a society or culture assigns 
certain tendencies or behaviors the 
labels of masculine or feminine 
(U.S. Census Bureau, 2012). 
Self-reported gender 
recorded in the survey 
(Continuous). 
    
6. Body Mass Index 
(BMI) 
BMI is individual’s weight in 
kilograms divided by square of 
height in meters (Center for Disease 
Control and Prevention, 2015a). 
The ratio of individual’s 
self-reported weight in 
kilograms to the square of 
self-reported height in 
meters (Continuous). 
    
Control Variables 
1. Smoking Smoking is inhalation of smoke by 
burning tobacco enclosed in 
cigarettes. 
Self-reported yes to the 
smoking-related question in 
the survey (Categorical). 
    
2. Alcohol 
consumption 
Alcohol consumption is an intake of 
beverage in containing any form of 
alcohol such as beer, wine, etc. 
Self-reported yes to the 
drinking-related question in 




The secondary data sources that were used in the study are as follows: 
1. TIGER/Line® Shapefiles 
Topologically Integrated Geographic Encoding and Referencing (TIGER) products are 
spatial extracts from the Census Bureau's MAF/TIGER database containing features such as 
roads, railroads, rivers as well as legal and statistical geographical areas. The Census Bureau 
offers several file types and online mapping application. These files are designed for use with 
Geographic Information System (GIS) and provide full details of data for boundaries, roads, 
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address information, water features, etc (U.S. Census Bureau, 2015b). In this study 
TIGER/Line® Shapefiles of 2014 were used and the specific layers that were used are census 
tract, roads, and address-range feature shapefiles. 
2. Surveys collected by CARE coalition 
The demographic data for the study was extracted from the surveys conducted by 
the CARE coalition in 2013-2014 
3. Toxic Release Inventory (TRI) data  
The TRI from the United States Environmental Protection Agency (EPA) contains data 
on toxic chemical release from the industrial sources that may pose a threat to human health and 
the environment. Facilities in different industry sectors annually report their chemical release to 
TRI (United States Environmental Protection Agency, 2016b).  In this study, 2014 TRI database 
was used to identify industrial sources in the community which report to the TRI and the total 
amount of pollutants released by them in the air.  
4. Risk-Screening Environmental Indicators (RSEI) Model data 
RSEI is a geographically-based model that helps policymakers and communities to  
quickly analyze large amounts of data on releases of the toxic substances from facilities in an 
area. RSEI data was used to extract the stack information (stack is the chimney or funnel which 
discharges the pollutants in the air) of the industrial sources present in the community which 
were identified using from the EPA's TRI (United States Environmental Protection Agency, 
2016a). This information was used in the study to model the dispersion of the predicted 






1. Geographic scale and resolution of study 
The geographic extent of this study was the Southeast community in Newport News, 
Virginia. It comprised approximately 10 square miles of land mass. This community was 
selected as the study area because of the number of air pollutants released into the air. TRI 
recorded 193.9 thousand pounds of toxic air emission for the year 2014 (United States 
Environmental Protection Agency, 2016c). The unit of analysis for demographic and 
socioeconomic data were the residents of the community.  
2. Environmental pollutant sources for the study 
Major environmental pollution sources for the study were commercial industrial facilities 
operating in the community which release toxic air pollutants into the air. The emissions from 
such sources are recorded by the TRI. Facilities within certain Standard Industrial Classification 
(SIC) codes (chemical, printing, electronic, plastics, refining, metal, paper industry, etc.) must 
report their emission and waste to TRI if they meet certain conditions like manufacturing more 
than 25,000 pounds per year or using more than 10,000 pounds per year of one or more of the 
650 listed toxic chemicals. And because of the high threshold limits in the reporting regulations, 
TRI includes only the largest emitters of the toxic substances. In some communities, facilities 
which individually are below the reporting threshold for quantities of emission may contribute to 
much more on a cumulative basis to overall air emission. As these facilities are not listed in 
publicly available data, it is difficult to obtain their data. Therefore, for this study, only the 
facilities who report to the TRI were included and others were excluded. Another major 
contributor to air pollution was the particulate matter due to vehicles accessing the interstate 
highway 665, which runs through the middle of the community. 
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3. Cardiovascular and/or respiratory health outcomes for the study 
The unit of analysis for the cardiovascular and/or respiratory health outcomes were the 
individual who self-reported yes to any of the cardiovascular (chest pain, heart murmur, irregular 
heartbeat, heart disease and high blood pressure) and/or respiratory conditions (shortness of 
breath, wheezing, coughing, hoarseness, asthma, bronchitis) mentioned in the survey.  
4. Geo-coding the residential location  
Geo-referencing was used to plot the locations of residents on a map using 
GCS_North_American_1983 geographic coordinate system in the Arcgis®. The street addresses 
were geo-coded and transformed into latitude and longitude.   The latitude and longitude allow 
geo-referencing and plotting the residential location without knowing the participant's address. 
Some of the data with incomplete or missing values were excluded from the study as they could 
not be transformed into latitude and longitude. Geo-coding or geo-referencing also poses risk to 
participant privacy and confidentiality as tools which perform "reverse geocoding" can easily 
generate an approximate address based on latitude and longitudes plotted on the map. So in order 
to address the issue of privacy and confidentiality, a map with the location of the residents was 
not published in the study and only used for calculating the proximity distances to environmental 
air pollution sources. 
5. Assessment of exposure to air pollutants from industrial sources and traffic sources 
There are national air quality standards for most of the criteria air pollutants and their 
concentrations can be measured in the ambient air using air quality monitoring stations. 
Currently, there is no air quality monitoring station in southeast Newport News to monitor and 
record the pollutants being released. The Gaussian model was used to predict the concentrations 
of the air pollutants in the community, which are released from TRI facilities. The Gaussian 
43 
 
model assumes that air pollutant dispersion has a normal probability distribution. They are most 
often used for predicting the dispersion of continuous air pollution plume originating from 
ground level or elevated sources. EPA's SCREEN3 is a single source Gaussian plume model 
which provides maximum ground level concentrations for point, area, flare and volume sources, 
as well as concentrations in cavity zone and concentration due to inversion break up and 
shoreline fumigation. Lakes Environmental Screen View™ which is a user-friendly interface for 
the US EPA SCREEN3 was used to model the ground level concentration of pollutants released 
in air from TRI reporting facilities. RSEI and EPA TRI database was used to extract the data of 
the stack height, stack velocity, and stack diameter and quantities of the chemicals released from 
the stack for the industrial sources in the study respectively. These parameters entered into 
Screen View™ along with default full meteorology factors with all stability classes and wind 
speeds and automated distances. The interface was run for the simple terrain and for all industrial 
pollutant sources identified in the study to get the predicted concentration of pollutants at each 
residential location.  
Exposure to air pollutants from the industries was defined by the distance between each 
geocoded residential address and industries. The distance (in miles) was calculated using the 
Point Distance tool available in the Proximity Toolset in ArcGIS. The Point Distance tool 
measures the distance from input point feature (residential location) to other point features 
(industry) within a specified radius. And individual distances between the residential and traffic 
pollutant source (Interstate 664) was calculated using the Measurement tools in ArcGIS. The 
shortest length of the straight line connecting the residential location and the closest point on the 
Interstate 664 was used for exposure measure. Figure 5 represents an example of how these 









Using the tabular tools within the GIS, proximity distances to the industrial pollutant 
source and traffic pollutant source which were calculated using the Point Distance and 
Measurement tool respectively were combined with the base Care Coalition demographic data 
set along with the predicted ground level concentrations of pollutants from the industrial sources 
calculated at residential locations.  The combined data sets were imported into Microsoft Excel 
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(Excel 2013; Microsoft, Seattle, WA) and SPSS (IBM Corp., Armonk, NY) for statistical 
analysis.  
Descriptive statistics was computed for the demographic, health status and  
environmental air pollution variables. To test the significant difference between the continuous 
predictors, T-test was used. Pearson’s correlation coefficient was used to test for correlation 
between distance of residence from industry and predicted concentration of pollutants from the 
industry. Prevalence rates for poor cardiovascular and/or respiratory health outcomes were 
calculated for residents living at same residence for ≤ 15 years and > 15 years and Chi-square 
test was used for computing the statistical significance between two groups. And multiple 
logistic regression for binary response variable (Agresti, 2002) was employed for testing the 
association between independent and dependent variables. The following assumptions for 
logistic regression were tested before proceeding with the analysis (Stolzfus, 2011) and 
standardized z-scores were used for detecting any outliers in the study. Any z-score greater than 
3 or less than -3 was considered outlier. 
1. Dichotomous dependent variable: Dependent variable should be measured on the  
dichotomous scale. 
2. Independence of errors: All sample group outcomes are separate from each other which  
indicates that there should be no duplicate responses. 
3. Linearity in the logit for any continuous independent variable: There should be a linear  
relationship between continuous independent variable and their logit transformed outcomes. 
Box-Tidwell test was used to test for this assumption. Natural log was calculated for the 
continuous predictor and interaction between the variable and natural log was included in the 
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logistic regression model. If the interaction was significant, it indicated violation of the 
assumption. 
4. Absence of multicollinearity among independent variables: Variables which are highly  
correlated should not be included in the same model. 
5. Dependent variable should have mutually exclusive and exhaustive categories. 
The outcome variable was the poor cardiovascular and/or respiratory health outcomes 
and the predictors included distances from residence to environmental air pollution sources 
(distance from industry 1, distance from industry 2, and distance from traffic), demographic 
factors (age, gender, and BMI).  The variables were included in the model in different blocks in 
the following order using ENTER method and SIMPLE contrast was used for categorical 
variable. 
Block 1: Smoking, Drinking (Control variables) 
Block 2: Age, Gender, BMI (Individual-level risk factors) 
Block 3: Distance of residence from industry 1, Distance of residence from industry 2, 
Distance of residence from traffic (Environmental air pollution variables) 
The interaction effects of demographic factors and, distances from residence to 
environmental air pollution sources were included in the model in order to determine if the 
association between distances from residence to environmental air pollution sources (i.e., 
distance from industry 1, distance from industry 2, distance from traffic) varied according to 
demographic factors. Wald chi-square test statistics (Agresti, 2002) was used to determine if a 
predictor was statistically significant. A p-value less than 0.05 indicated significance and odds 
ratio estimates for the predictors and the corresponding 95% confidence intervals were also 
computed. Note that if the confidence interval for the odds ratios of a predictor  does not contain 
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1, then it implies that the effect was significant. Hosmer-Lemeshow goodness-of-fit test (Agresti, 
2002) was being used to determine the adequacy of the fitted model (a p-value > 0.05 indicated 
adequate model fit). All data analyses were conducted using SPSS version 23 (IBM Corp., 
Armonk, NY). 
Validation and Generalization of the Study 
The model used in the study has been derived for the study site, so to address the 
generalization and validation of the framework, it was applied to another setting, similar in 
makeup, to examine if it still holds valid when applied to another location. For this study, the 
model was applied to Richmond, California. This site was selected because it lies between major 
freeway that is significant sources of traffic pollutant emission similar to Interstate 664 in the 
study site and is also downwind to several industrial operations which are sources for toxic air 
















The retrospective cross-sectional study was conducted to examine if there is any 
significant association of exposure to environmental air pollution sources and demographics with 
the poor cardiovascular and respiratory health outcomes in the Southeast community residents. 
Generalizability of the study was addressed by comparing the results obtained from study 
community with results from another community where residents were exposed to similar 
environmental air pollution sources and experienced similar health outcomes.  
Descriptive Statistics 
A total of 302 residents completed the survey. 37 residents had incomplete addresses 
which could not be geocoded and plotted on the map, therefore they were excluded from the 
study as it was not plausible to calculate their distance of residence from environmental air 
pollution sources. Of the remaining 265 residents, whose addresses could be correctly geocoded 
and plotted on the map, 26 were from other communities and were not included in the study as 
the study focused on the Southeast community in Newport News, VA. Furthermore, 15 of 
remaining 239 residents had missing or implausible values for the demographic data and were 
excluded from the study. Thus, the final sample size was 224.  
Demographics of the residents. Table 2 summarizes the data on demographics of the 
Southeast community residents. Most of the residents were in the 21 – 40 years of age range 
(48.7%), African-American (91.3%), female (53.1%) and did not smoke (64.2%) or drink (63%). 







Demographics of the Residents 
 
Characteristics Percentage (%) 
Age  
≤ 20 years 4.9 
21 – 40 years 48.7 
41 – 60 years 32.1 
≥ 61 years 14.3 
Length of residence in community  
< 15 years 72.5 







American Indian/Alaska Native 0.4 
Other 3.6 
Poor 2.2 
Smoking status  
Yes 33.0 
No 64.2 
Quit more than six months ago 2.8 
Drinking status  
Yes 34.3 
No 63.0 





Health Status of the residents. Table 3 summarizes the data on health status of the 
residents of the community. 48.2% of residents were in underweight/normal BMI category and 
most of the residents had at least good health (62.8%) and did not report any poor cardiovascular 




Health Status of the Residents 
 
Characteristics Percentage (%) 
Body Mass Index (BMI)   
Underweight/normal (18.5 < BMI ≤ 24.9) 48.2 
Overweight (25.0 < BMI < 29.9) 29.0 
Obese (BMI≥30) 22.8 
Overall health   
Excellent 19.7 




Poor respiratory health outcome  
Yes 25.8 
No 74.2 
Poor cardiovascular health outcome  
Yes 21.3 
No 78.7 





Individual poor cardiovascular and respiratory health outcomes reported by the residents 
are summarized in Table 4. High blood pressure and chest pain were the top two poor 
cardiovascular health outcomes reported by the residents. And for poor respiratory health 





Individual Cardiovascular and Respiratory Health Outcomes of the Residents 




Poor respiratory health outcome   
Shortness of breath 17.7 82.3 
Wheezing 13.8 86.2 
Coughing 11.3 88.7 
Hoarseness 2.2 97.8 
Sleep apnea 7.8 92.2 
Bronchitis 13.2 86.8 
Pneumonia 4.0 96.0 
Others 2.2 97.8 
Poor cardiovascular health outcome   
Chest pain 10.9 89.1 
Heart murmurs 3.0 97.0 
Irregular heartbeat 4.3 95.7 
Heart disease 3.4 96.6 
High blood pressure 20.4 79.6 




For this study, the continuous predictors (distance of residence from industry 1, distance 
of residence from industry 2, distance of residence from traffic pollutant source, BMI) were 
recorded into categorical variables. Predicted concentration of the pollutants (mainly volatile 
organic compounds (VOCs) such as n-butyl alcohol, xylene, toluene, methanol, etc.) from 
industry 1 and industry 2 were plotted against the distance of residence from the industry (Graph 
1 and Graph 2). A significant negative correlation was observed between the distance of 
residence from industry and the predicted concentration of pollutants from industry which 
indicated that as the distance of residence increased from industry, predicted concentration of 




Graph 1. Plot of Predicted Concentration of Pollutants from Industry 1 vs. Distance of 
































































Graph 2. Plot of Predicted Concentration of Pollutants from Industry 2 vs. Dstance of 

















































































Correlation Between Distance of Residence from Industry and Predicted Concentration of 
Pollutants from the Industry 
 
 
Predicted concentration of 
pollutants from industry 1 
Predicted concentration of 




Pearson Correlation -0.825** -0.344** 
p 0.000 0.000 




Pearson Correlation -0.355** -0.759** 
p 0.000 .000 
N 224 224 
 
 
 Concentration gradient maps created for the predicted concentration of the pollutants 
from the industry (Figure 6 and Figure 7) were used for categorization of the distance of 
residence form the industry. Distance of residence was grouped into two categories based on 
predicted concentration pf pollutants: <180 g/sec and ≥ 180 g/sec. Categorization for the distance 
of residence from traffic was based on the literature review (English et al., 1999) because 
gradient mapping of the predicted concentration of pollutants from traffic was not possible due to 
the absence of air monitoring stations in the area. The distance of residence from the traffic 
pollutant sources was grouped into two categories: <0.09 mile and ≥ 0.09 mile as most of the 
dispersion models used for traffic pollutant source in previous study (English et al., 1999) 
indicated that 80-90% of pollutants decay between 492 – 665 ft (0.09 – 0.1 mile).  And for the 
categorization of BMI, standards established by the Center for Disease Control and Prevention 
(CDC) standards (Center for Disease Control and Prevention, 2015a) were used: 
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underweight/normal (18.5 kg/m2 < BMI ≤ 24.9 kg/m2), overweight (25.0 kg/m2 < BMI < 29.9 
kg/m2) and obese (BMI≥30 kg/m2) 
 A two-way frequency table shows the distribution of data based on the above categories 
of the continuous predictors (Table 6). As observed from the table, 34% of residents (n = 76) and 
58% (n =180) lived in the area which had predicted concentration of pollutants released from 
industry 1 and industry 2 >180 g/sec respectively. For the traffic pollutant source, 99.55% of 
residents were observed to live in ≥ 0.09mile distance from the traffic. One of the plausibility for 
this could be that categorization of the predictor was based on values derived from literature 
review and resolution scale of the study which has been further addressed in discussion section 
later. 48.2% and 52.01% of residents were within normal/underweight and overweight/obese 





Two-way Frequency Tables of Cases and Categorical Predictors  
 
Poor cardiovascular and/or respiratory health outcomes 
 Yes 
(n = 89) 
No 
(n = 135) 
Total 
(n = 224) 
Distance from industry 1    
> 180 g/sec 29 47 76 
≤ 180 g/sec 60 88 148 
Distance from industry 2    
> 180 g/sec 57 73 130 
≤ 180 g/sec 32 62 94 
Distance from traffic    
< 0.09 mile 0 1 1 
≥ 0.09 mile 89 134 223 
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Table 6. (continued)  
Poor cardiovascular and/or respiratory health outcomes 
  Yes 
(n = 89) 
No 
(n = 135) 
Total 
(n = 224) 
BMI     
 Underweight/normal 38 70 108 
 Overweight 18 47 65 
 Obese 33 18 51 
 
 
Descriptive statistics of continuous predictors. Table 7, Table 8 and Table 9 present 
the descriptive statistics of the continuous predictors in the study by poor respiratory health 
outcome, poor cardiovascular health outcomes and both poor cardiovascular and/or respiratory 
health outcomes, respectively. No statistically significant effect was observed for any of the 
predictors when the residents who reported poor respiratory outcomes were compared to those 
who did not report poor respiratory health outcome (Table 7). A significant effect was observed 
for age (p = 0.009) and BMI (p = 0.03) in residents who reported poor cardiovascular health 
outcomes compared to those who did not report poor cardiovascular health outcomes (Table 8). 
And significant effect was again observed for BMI (p = 0.002) when both poor cardiovascular 











Descriptive Statistics of Continuous Predictors by Poor Respiratory Health Outcome 
 
 Yes 
(n = 55) 
No 
(n = 158) 
 
 Mean (SD) Mean (SD) p 
Distance from industry 1 (mile) 1.48 (1.07) 1.42 (0.87) 0.64 
Distance from industry 2 (mile) 1.03 (1.49) 0.99 (1.22) 0.86 
Distance from traffic (mile) 0.58 (1.25) 0.57 (1.02) 0.96 
Concentration of pollutants from industry 1 (µg/m3) 165.91 (43.25) 168.23 (37.83) 0.70 
Concentration of pollutants from industry 2 (µg/m3) 180.51 (52.84) 181.70 (48.75) 0.87 
Age (year) 44.31 (16.51) 40.28 (16.06) 0.11 
BMI (kg/m2) 28.24 (8.31) 25.87 (6.17) 0.05 








Descriptive Statistics of Continuous Predictors by Poor Cardiovascular Health Outcomes 
 
 Yes 
(n = 47) 
No 
(n = 174) 
 
 Mean (SD) Mean (SD) p 
Distance from industry 1 (mile) 1.46 (1.00) 1.38 (0.75) 0.54 
Distance from industry 2 (mile) 0.94 (1.33) 0.97 (1.08) 0.86 
Distance from traffic (mile) 0.54 (1.15) 0.54 (0.88) 0.96 
Concentration of pollutants from industry 
1(µg/m3) 
165.60 (39.57) 169.98 (37.95) 0.48 
Concentration of pollutants from industry 2 
(µg/m3) 
190.70 (47.27) 178.67 (48.11) 0.12 
Age (year) 47.06 (18.14) 39.30 (15.33) 0.009* 
BMI (kg/m2) 28.67 (8.16) 25.83 (6.40) 0.03* 
N = 221 (data with only cardiovascular health outcome); SD = standard deviation; *Significant 





Descriptive Statistics of Continuous Predictors in the Study by Poor Cardiovascular and/or 
Respiratory Health Outcomes 
 
 Yes 
(n = 89) 
No 
(n = 135) 
 
 Mean (SD) Mean (SD) P 
Distance from industry 1 (mile) 1.41 (0.87) 1.43 (0.94) 0.84 
Distance from industry 2 (mile) 0.91 (1.20) 1.06 (1.31) 0.35 
Distance from traffic (mile) 0.50 (1.00) 0.61 (1.10) 0.46 
Concentration of pollutants from industry 
1(µg/m3) 
168.42 (39.52) 168.56 (39.26) 0.97 
Concentration of pollutants from industry 2 
(µg/m3) 
186.69 (47.10) 176.97 (50.34) 0.14 
Age (year) 44.45 (16.63) 38.51 (15.57) 0.07 
BMI (kg/m2) 28.34 (7.67) 25.26 (6.16) 0.002* 
N = 224(data with cardiovascular and/or respiratory health outcome); SD = standard deviation; 





 Standardized z-score test detected 6 outliers in study data with z-score greater than 3. 
These outliers could have resulted from error in the geocoding process and therefore they were 
dropped out during data cleaning and analyzing process. Further, the following assumptions were 
met which indicated that study data was good fit for the logistic regression model: 
1. Dependent variable was poor cardiovascular and/or respiratory health outcome which 
was dichotomous (Yes or No). 
2. All sample group outcomes were separate from each other with no duplicate responses. 
3. Interaction between continuous predictor and its natural log was not significant which  
indicated that assumption of linearity was met. 
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4. Highly correlated variables were not included in same model (for example, weight and  
BMI).  
5. Dependent variable had mutually exclusive and exhaustive categories. 
An interaction between the demographic factors and distances from residence to 
environmental air pollution sources was examined before conducting the main effects model. 
The distance of residence from the traffic pollutant source was not included in any of the 
regression model since no residents with poor cardiovascular and/or respiratory health outcome 
lived in < 0.09 mile away from the traffic. Table 10 shows the results of the logistic regression 
with the interaction effects. None of the interactions among factors was statistically significant (p 
> 0.05) thus indicating that any association between poor cardiovascular and/or respiratory 
health outcomes and environmental air pollution (i.e., distance of residence from industry 1, 
distance of residence from industry 2, distance of residence from traffic) was independent of the 






Results of Logistic Regression (with Interaction Effects) 
 
 B SE Wald DF p Odds Ratio 95% CI 
       Lower Upper 
Smoking 0.44 0.35 1.55 1 0.21 1.56 0.77 3.16 
Drinking 0.47 0.35 1.79 1 0.18 1.60 0.80 3.18 
Gender -2.24 1.50 2.22 1 0.13 0.10 0.96 1.09 
Age 0.02 0.03 0.61 1 0.43 1.02 0.00 2.02 
BMI   6.99 2 0.03*    
BMI(1) -0.54 0.42 1.58 1 0.20 0.58 0.25 1.34 
BMI(2) 0.76 0.66 1.30 1 0.25 2.14 0.57 7.96 
Distance from 
industry 1 




Table 10 (continued) 
 
 B SE Wald DF p Odds Ratio 95% CI 
       Lower Upper 
Distance from 
industry 2 
0.25 0.41 0.39 1 0.53 1.29 0.57 2.91 
Age by Distance 
from industry 1 
0.01 0.02 0.31 1 0.57 1.01 0.96 1.06 
Age by Distance 
from industry 2 
-0.02 0.02 1.68 1 0.19 0.97 0.93 1.01 
Age by Distance 
from traffic 
-0.01 0.03 0.14 1 0.70 0.98 0.92 1.05 
Gender by Distance 
from industry 1 
1.39 1.16 1.44 1 0.23 4.02 0.41 39.16 
Gender by Distance 
from industry 1 
1.11 0.76 2.09 1 0.14 3.03 0.67 13.65 
Gender by Distance 
from traffic 
-1.25 1.35 0.85 1 0.35 0.28 0.02 4.06 
BMI by Distance 
from industry 1 
0.01 0.03 0.08 1 0.77 1.01 0.94 1.07 
BMI by Distance 
from industry 1 
0.03 0.03 0.87 1 0.35 1.03 0.96 1.10 
BMI Distance from 
traffic 
-0.01 0.05 0.01 1 0.92 0.99 0.89 1.10 
Constant -1.84 1.16 2.52 1 0.11 0.15   
Note: B = parameter estimate; SE = standard deviation; Wald = Wald chi-square statistic; DF 





As no interaction existed among the factors, only the main effects of the predictors were 
included in a logistic regression model to assess their association with poor respiratory health 
outcome, poor cardiovascular health outcome, and poor cardiovascular and/or respiratory health 
outcomes. The results of the Hosmer-Lemeshow goodness-of-fit for all the three models 
indicated that model fit was appropriate (p = 0.965; p = 0.99; p = 1.00 respectively).  
There was no significant association observed between the environmental pollution 
sources (distances of residence from industry 1 and the distances of residence from industry 2) 
and poor respiratory health outcomes, poor cardiovascular health outcome and poor 
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cardiovascular and/or respiratory health outcomes. (Table 11, Table 12, Table 13). For the 
individual-level risk factors, significant positive association was observed between poor 
respiratory health outcome and the obese category of the BMI (OR = 2.36; 95% CI = (1.02 – 
5.44); p = 0.04) (Table 11). Residents with BMI ≥ 30 kg/m2 reported 2.36 times more poor 
respiratory health outcomes compared to residents with BMI ≤ 24.9 kg/m2. Significant positive 
association was observed between age (OR = 1.02; 95% CI = (1.00 – 1.05); p = 0.02) and obese 
category of BMI (OR = 2.74; 95% CI = (1.09 – 6.85); p = 0.03) and poor cardiovascular health 
outcomes (Table 12). Older residents with BMI ≥ 30 kg/m2 reported 1.02 times and 2.74 time 
more poor cardiovascular health outcomes respectively. When both cardiovascular and 
respiratory health outcomes were considered, significant positive association was observed with 
obese category of BMI (OR = 3.03; 95% CI = (1.37 – 6.71); p = 0.01) (Table 13). 3.03 times 
more poor cardiovascular and/or respiratory health outcomes were reported by resident with BMI 





Results of Logistic Regression (without Interaction Effects) for Poor Respiratory Health 
Outcomes 
 
 B SE Wald DF p Odds Ratio 95% CI 
 
      Lower 
 
Upper 
Smoking 0.35 0.38 0.84 1 0.35 1.42 0.66 3.04 
Drinking 0.003 0.38 0.00 1 0.99 1.00 0.47 2.11 
Age 0.01 0.01 1.10 1 0.29 1.01 0.99 1.03 
Gender 0.45 0.34 1.72 1 0.19 1.58 0.79 3.13 
BMI   11.24 2 0.00*    
BMI(1) 0.81 0.46 3.11 1 0.07 0.44 0.18 1.09 
BMI(2) 0.85 0.42 4.05 1 0.04* 2.36 1.02 5.44 
Distance of residence 
from industry 1 
0.01 0.39 0.001 1 0.97 1.01 0.46 2.21 
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Table 11 (continued) 
 
B SE Wald DF p Odds Ratio 95% CI 
 






-0.10 0.39 0.06 1 0.79 0.90 0.41 1.94 
Constant -1.53 0.53 8.18 1 0.00 0.21   
Note: B = parameter estimate; SE = standard deviation; Wald = Wald chi-square statistic; DF 
= degree of freedom; p = p-value; CI = confidence interval. *indicates significance at < 0.05 
level. The probability of "cases = yes" was modeled. For BMI, "underweight and normal" was 
the reference group; for gender, the male was the reference group; for the distance from industry 
1 and distance from industry 2,"≥1 mile" was the reference group and for the distance from 










B SE Wald DF p 
Odds 
Ratio 95% CI 
       Lower Upper 
Smoking  0.85 0.40 4.44 1 0.03* 2.35 1.06 5.22 
Drinking 0.47 0.40 1.35 1 0.24 1.60 0.72 3.53 
Gender -0.45 0.38 1.42 1 0.23 0.63 0.30 1.33 
Age 0.02 0.01 5.02 1 0.02* 1.02 1.00 1.05 
BMI   5.68 2 0.05    
BMI (1) 0.01 0.45 0.00 1 0.98 1.01 0.41 2.45 
BMI (2) 1.00 0.46 4.64 1 0.03* 2.74 1.09 6.85 
Distance of residence from 
industry 1 
-0.12 0.43 0.08 1 0.76 0.88 0.37 2.06 
Distance of residence from 
industry 2 
0.45 0.43 1.09 1 0.29 1.56 0.67 3.64 
Constant -2.36 0.57 17.19 1 0.00 0.09   
Note: B = parameter estimate; SE = standard deviation; Wald = Wald chi-square statistic; DF 
= degree of freedom; p = p-value; CI = confidence interval. *indicates significance at < 0.05 
level. The probability of "cases = yes" was modeled. For BMI, "underweight and normal" was 
the reference group; for gender, the male was the reference group; for the distance from industry 
1 and distance from industry 2,"≥1 mile" was the reference group and for the distance from 






Results of Logistic Regression (without Interaction Effects) for Poor Cardiovascular and/or 
Respiratory Health Outcomes 
 
 
B SE Wald DF p 
Odds 
Ratio 95% CI 
       Lower Upper 
Smoking 0.47 0.34 1.89 1 0.16 1.60 0.81 3.16 
Drinking 0.48 0.34 1.98 1 0.15 1.61 0.82 3.16 
Age 0.01 0.01 3.03 1 0.08 1.01 0.99 1.03 
Gender 0.01 0.30 0.00 1 0.95 1.01 0.55 1.86 
BMI   13.08 2 0.00*    
BMI(1) 0.44 0.36 1.47 1 0.22 0.64 0.31 1.31 
BMI(2) 1.11 0.40 7.49 1 0.01* 3.03 1.37 6.71 
Distance of residence 
from industry 1 
0.15 0.34 0.20 1 0.65 1.16 0.59 2.30 
Distance of residence 
from industry 2 
0.41 0.34 1.44 1 0.23 1.50 0.77 2.94 
Constant -0.92 0.45 4.08 1 0.04 0.39   
Note: B = parameter estimate; SE = standard deviation; Wald = Wald chi-square statistic; DF 
= degree of freedom; p = p-value; CI = confidence interval. *indicates significance at < 0.05 
level. The probability of "cases = yes" was modeled. For BMI, "underweight and normal" was 
the reference group; for gender, the male was the reference group; for the distance from industry 
1 and distance from industry 2,"≥1 mile" was the reference group and for the distance from 




The residents living in the community for 15 years or more were observed to have higher 
prevalence rates of poor respiratory health outcomes, poor cardiovascular health outcomes and 
poor cardiovascular and/or respiratory health outcomes compared to those who were living in the 









Results of Prevalence Rates (< 15 Years vs ≥ 15 Years at Same Residence) 
 
Number of 
years at same 
residence 
Poor cardiovascular/and or 









Adults    
<15 years 38.06 23.22 18.70 
≥15 years 43.33 28.33 25.00 
p 0.48 0.43 0.30 




Richmond is located in the San Francisco Bay across from the Richmond – San  
Rafael Bridge in the Contra Costa county, California. The community which resides in North 
Richmond, particularly in the zip code 94801 is one of the poorest in the state, and it is home to 
approximately 29,269 people according to the 2010-2014 ACS 5-year estimates and representing 
nearly 27% of the Richmond City population (U.S. Census Bureau, 2015a).  Richmond has a 
long history of industrial air pollution, and the residents have been burdened by the impacts of 
air pollution due to two major industries and a freeway present.  Richmond Health Survey was 
conducted to document health outcomes of the residents of the community and their perception 
about the environmental air pollution sources present in the community. Residents from four 
neighborhoods which are in the zip code 94801 were invited to participate in the Richmond 
Health Survey. A total of 198 households were surveyed with an average of 3.65 residents per 
household. Therefore, total data was collected for 722 residents out of which 282 were children 
(less than 18 years of age) and those who smoked were ineligible for the study because of the 
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significant correlation of smoking with the health outcomes (CBE, 2009; Cohen, 2012). Table 16 
summarizes the data on demographics of residents of the community who participated in the 





Demographics of the Residents of the Community in North Richmond 
 










79% of residents within one mile of industry were observed to be African-American. The 
majority of the residents responded with their health being good or fair (Table 17), and some of 
the major health concerns identified among residents were respiratory health issues particularly 
asthma and respiratory allergies. 93.4% of residents identified the link between air pollution in 
the community and poor health outcomes. An oil refinery was identified as the most common 









Overall Health Status of the Residents of the Community in North Richmond 
 







The Richmond Health Survey reported separate data for chronic health outcomes, 
especially asthma and other respiratory allergies by adults (n = 440) and children (n = 282) as the 
prevalence of respiratory health outcomes varied based on age. The survey data showed that 
prevalence of asthma among adults was 9.1% and it was found to be correlated with the length of 
time the resident had lived in Richmond. It was observed that for life-long residents (number of 
years at same residence = 20 years), the rate of asthma was 45%. A statistically significant 
difference was observed between the asthma rates for those who lived in Richmond for five 
years or less and those who lived in Richmond for their entire life (CBE, 2009; Cohen 2012). 
For study generalization, the current study was compared with the Richmond study. For 
the current study, majority of the population was observed to be African-American (91.3%) and 
females (53.1%) while, for Richmond study majority of the population was observed to be 
Hispanics/Latinos (64.7%) and females (82.3%). Majority of residents for both the studies 
reported their overall health status to be good. Both the study sites were observed to be impacted 
by similar environmental pollution sources such as TRI reporting industries and major freeway. 
Further majority of the population residing within 1 mile of these industries was observed to be 
African-American in both the studies. Poor respiratory health outcomes were the common 
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identified health problems for Newport News and Richmond study and for both the length of 
stay was observed to be correlated with the poor health outcomes and long-term residents were 
observed to have higher rates for poor health outcomes compared to short-term residents. When 
compared at state level, rates for individual-level risk factor such as obesity were found to be 
higher. Newport News City reported 34% for adult obesity compared to 28% for Virginia while 
Contra Costa County reported 24% for adult obesity compared to 23% for California (County 
Health Rankings & Roadmaps, 2018). Further at national level (428.4 per 100,000), Newport 
News City was found to have higher rates (433.8 per 100,000) for heart disease than Contra 


















DISCUSSION AND CONCLUSION 
 The primary purpose of this study was to examine the association between factors like 
residential based exposure to environmental air pollution sources, the number of years spent at 
the same residence and demographic factors with the poor cardiovascular and/or respiratory 
health outcomes observed in the residents of the Southeast Community of Newport News, 
Virginia. Chapter V will present discussion of results by each research question followed by 
limitations of the study and health policy implications. The chapter will conclude with a section 
on recommendations for future studies.  
Discussion of Research Question 1 
  Is the distance of residence from environmental pollution sources linked 
to the poor cardiovascular and/or respiratory health outcomes in the residents of the community? 
1a. Is the distance of residence from industrial pollutant source linked to the poor cardiovascular 
and/or respiratory health outcomes in the residents of the community? 
1b. Is the distance of residence from traffic pollutant source linked to the poor cardiovascular 
and/or respiratory health outcomes in the residents of the community? 
The current study did not observe any significant association between the distance of 
residence from industrial pollutant source and poor cardiovascular and/or respiratory health 
outcomes in the current study which could be due to some of the plausibility as discussed below. 
The strength of the current study was that it looked at the association between the distance of 
residence from the two major TRI reporting industries present in the area and poor 
cardiovascular and/or respiratory health outcomes using GIS. Ground level concentrations of the 
pollutants from both the industries were modeled using Lakes Environmental Screen View™, 
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which uses the principles of Gaussian plume modeling and after that geostatistical analyst 
extension (kriging) within ArcGIS was used to develop a set of contour lines representing the 
predicted concentration of pollutants, mainly of volatile organic compounds (VOCs) for entire 
study area. Using built-in user-defined parameters, kriging interpolates lines which represent 
locations with same pollutant concentration magnitude. The distance of residence from both the 
industries was categorized based on the concentration gradient map rather than arbitrary buffers. 
Geographical information system (GIS) has been used at varying levels in environmental health 
studies. Its use ranges from simply geocoding addresses of the study population to using 
proximity to pollutant source as a surrogate measure for exposure to integrating environmental 
monitoring data for analysis of health outcomes (Comba et al., 2003; Floret et al., 2003; Nuckols, 
Ward and Jarup, 2004). The use of GIS in spatial statistics for linking exposure data with health 
outcomes data is a fairly new growing research field. Always there is a constant contact between 
the air pollutant and human respiratory system, thus leading to exposure and GIS tools are 
commonly used for assessing this exposure to air pollution. Exposure modeling is a logical 
construct which allows estimation of individual’s exposure to air pollutants from available input 
data. The main purpose of such exposure models is to develop a real-world scenario of human 
exposure to air pollutants over time and consequently assess the health outcomes. When 
compared to direct air pollution models, one of the advantage of exposure modeling as used in 
the current study is that they can be used to supplement the monitoring data when direct 
measurements are not available. Exposure modeling can also assist in predicting future 
exposures and complexity of the model can be altered as per needs. And expenses associated 
with the source-intensive monitoring programs can be significantly reduced with exposure 
modeling. Air dispersion models also known as air pollution dispersion models incorporate 
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emission data and basic meteorological data to predict the concentration of pollutants over space 
and time. Over the past decade, air dispersion models have been integrated with GIS to depict 
individual exposure to air pollutants more accurately by combining residence location and air 
pollutant concentration data (Zou et al., 2009).  
Data from epidemiological studies indicate that respiratory and cardiovascular systems 
are primarily affected by toxic air pollutants (Cohen et al., 2005; Huang and Ghio, 2006; Kunzli 
and Tager, 2005; Sharma and Agrawal, 2005). The toxic air pollutants differ in their chemical 
composition, their ability to be transported over short or long distance, their persistence in the 
environment and their overall effect on the human health. Some of the factors that can lead to 
different health outcomes are a different composition of air pollutants, dose and time of exposure 
and humans being exposed to pollutant mixture rather than a single pollutant. Most of them share 
some similar properties and therefore are grouped into four main categories: gaseous pollutants, 
persistent organic pollutants, heavy metals and particulate matter. Particulate matter in the air has 
been found to be associated with the mortality and morbidity from cardiovascular disease. Some 
of the possible mechanism observed behind these associations are oxidative stress and 
inflammation and vasomotor dysfunctions.  
VOCs are the common type of gaseous pollutants present in the air and the health effects 
of VOCs depend on the type of VOC, level of exposure and the length of exposure. Long-term 
exposure to VOCs can cause central nervous system, kidney, and liver damage while short-term 
exposure to VOCs can cause eye and respiratory tract irritation, headache, dizziness, visual 
disorders, fatigue, loss of coordination, nausea, allergic skin reaction and memory impairment 
(U. S. National Library of Medicine, 2017). Xylene which was one of the main VOC reported 
being released in the air by industry 1 is found to cause difficulty in breathing, problems in lungs 
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along with irritation to nose, eyes, throat and skin (Agency for Toxic Substances and Disease 
Registry, 2008). 42.4% of the total residents had reported to having poor health outcomes such as 
shortness of breath, wheezing and chest pain which are found to be associated with exposure to 
xylene as mentioned.  
  The transportation equipment manufacturing company (industry 1) was identified as the 
major source of pollution in the community followed by nonmetallic mineral product producer 
(industry 2). Gaseous pollutants, particularly the VOCs were the major class of pollutants 
released by the industries and present in the air over the community which are formed by the 
combustion process. 221,973 lbs of total toxic pollutants were released by industry 1, in which 
VOCs like n-butyl alcohol (70,807 lbs) and xylene (32,849 lbs) were the top two chemicals 
released in terms of quantity while industry 2 released 71,314 lbs of total toxic pollutants which 
had VOCs such as methanol (30,924 lbs) and toluene (40,390 lbs) (United States Environmental 
Protection Agency, 2017). Set of contour lines indicated the decrease in the predicted 
concentration of VOCs as the distance from both industries increased (Figure 9 and Figure 10). 
33% and 64% of residents had reported having poor cardiovascular and/or respiratory health 
outcomes who lived in an area with > 180 g/sec predicted concentration of pollutants released 










Figure 10. Contours of Predicted Concentration of Pollutants from Industry 2 
 
 Concentration gradients observed in the current study which is conducted at the zip code 
level could be substantially influenced by the resolution of the scale and could be one of the 
possible reasons for the observed lack of association. Air toxic and TRI studies conducted 
previously have taken advantages of spatial mapping to assess how the resolution of geographic 
levels affect the results. Summarizing all those studies Lopez (2002) explained the results of air 
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dispersion model studies often differ based on the geographic unit used in the analysis. For 
example, Dolinoy and Miranda conducted air dispersion modeling of releases from TRI 
reporting as well as non-TRI reporting facilities at four levels of geographic resolution in 
Durham County, North Carolina. Kriging results from the study showed that the range of 
concentration at census block level was greater than the range of concentrations observed at zip 
code level. Further, modeling exposure at census block revealed neighborhood level hot spots 
which were not apparent at zip code level (Dolinoy and Miranda, 2004).  
Exposure to air pollution due to residential proximity to sources like major roads along 
with above mentioned TRI reporting industries is found to be associated with poor 
cardiovascular health outcomes such as stroke as well as poor respiratory health outcomes like 
asthma and self-reported outcomes such as wheezing (Oosterlee et al, 1996; Van Vliet et al, 
1997; Venn et al, 2001). There is growing evidence that proximity to traffic is an accurate 
surrogate for exposure to traffic-related air pollution (Miyake, Yura, and Iki, 2002; Venn et al, 
2005). Our study used the proximity to main road present in the community as a measure of 
exposure to traffic air pollutants. The present study utilized measures from the literature review 
to examine the association of distance of residence from traffic pollutant source and poor 
cardiovascular and/or respiratory health outcomes in residents due to the lack of the traffic 
pollutant data and the predicting model used for estimating traffic exposure.  The dispersion 
models used in the previous studies (English et al., 1999) have indicated that 80-90% of traffic 
pollutants decay 492 – 665 ft (0.09 – 0.1 mile) from the source. So, a distance of residence was 
categorized based on this logic and it was observed that 99.55% of residents lived ≥ 0.09 mile of 
traffic pollutant source. The current study did not show any association with traffic pollutant 
source on the major freeway present in the community. Sample distribution might be one of the 
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main reasons for observed lack of association with traffic pollutant source as zero participants 
reported poor cardiovascular and/or respiratory health outomes in > 0.09 mile.  Further 
resolution of the scale used for study could be possibly attributed to sample distribution pattern. 
The current study was a community level study which spread across one zip code while most of 
the previous studies which have reported significant association have been conducted at larger 
scale such as census tract (Maheswaren and Elliot, 2003; Hu et al, 2008) or city level (Maantay 
2007) or involved multiple communities (Kim et al, 2004; Gauderman et al, 2005). Maheswaren 
and Elliott (2003) involved census tract level data and proximity to main roads were used as a 
proxy for exposure and a 5% increase in stroke mortality was observed in areas within 200m, of 
the main road. Another census tract level study by Hu et al (2008) which was conducted in 
northwest Florida, determined the observed and expected stroke mortality due to residential 
proximity to air pollution sources like TRI sites, superfund sites and roads with high average 
vehicle count. And it was observed that mean age-adjusted stroke rate in the study was more than 
8 times the expected rate and the census tract which showed higher levels of air pollution with 
air pollution density maps had a significantly high risk for stroke mortality. Also, previous 
studies have used air pollutants concentration data which have been collected over a period from 
air monitoring stations or other standardized sources for dispersion model (Gauderman et al 
2005; Gauderman et al, 2007). The lack of monitoring stations near the study site which could 
record the real-time concentration of the pollutants released from the vehicles passing on 
Interstate 664 could explain lack of association observed in the current study . 
Self-reported health responses could have further contributed to the results of the current 
study as it could lead to under-reporting of the poor cardiovascular and/or respiratory health 
outcomes as compared to hospital records or physician diagnosed outcomes. Most of the 
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previous studies (Lin et al, 2002; Samargiassi et al, 2009; Maantay, 2007) have utilized hospital 
records as a measure of health outcomes which provide more accurate and reliable responses 
compared to the self-reported health outcomes in the current study. Samargiassi et al. (2009) 
examined exposure due to residential proximity to point air pollution source in Montreal Island 
using American Meteorological Society – Environmental Protection Agency Regulation air 
dispersion model for children along with asthma data from hospital records, and found that short-
term increases in air pollutants such as SO2 were significantly associated with higher number of 
emergency department visits for asthma. Similarly, an asthma and air pollution study conducted 
by Maantay (2007) in Bronx, New York utilized hospital admission data for asthma and half a 
mile buffer system for mapping the area which would be most affected by TRI industries and it 
observed that people living within half a mile of a TRI industry were 66% more likely to be 
hospitalized for asthma.  
The air dispersion model used in the current study can provide complete pollutant 
concentration gradients over space and time. The main advantage of such model is that more 
factors which affect the dispersion of pollutants are considered such as meteorological factors 
and road type. Additionally, they can be applied at different spatial scales which can further help 
improve resolution.  
Discussion of Research Question 2 
Are the number of years at the same residence linked to the poor cardiovascular and/or 
respiratory health outcomes in the residents of the community? 
 Hazardous chemicals escape into the environment due to many man-made activities and 
can cause an adverse effect on the health and as seen earlier respiratory and cardiovascular 
disease are associated with proximity to roads with heavy traffic or exposure to traffic-related air 
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pollution. Short-term and long-term exposure to air pollution has been linked to mortality and 
reduced life-expectancy (Kampa and Castanas, 2008). Studies like Harvard Six Cities and 
American Cancer Society (ACS) cohort  have provided strong evidence of the occurrence of 
poor cardiovascular health outcomes due to long-term exposure to air pollution (Brook et al., 
2004). Increased risk for poor cardiovascular and/or respiratory health outcomes such as asthma 
and wheezing are expected in the long-term residents based on the fact that they have been 
exposed to air pollutants for longer a period. 
Most of the large-scale studies which have used census tract or county level data have not 
considered the number of years spent at the same residence as one of the predictor variables (Lin 
et al, 2002; Gordian, Haneuse, and Wakefield, 2006; Maantay, 2007; Batterman et al, 2014). One 
community-level study of individual-level data conducted in Richmond, California reported a 
significant association of adult asthma rates with being a long-term resident of 15 years or more. 
A significant difference was observed in the prevalence of asthma for residents who lived in 
Richmond for less than 15 years (9.2%) compared to residents who lived in Richmond for 15 
years or more (34.9%) (Cohen et al., 2012).  
The current study looked at prevalence rates of cardiovascular and/or respiratory health 
outcomes in adults and children. And although not statistically significant, higher prevalence 
rates for poor cardiovascular and/or respiratory health outcomes were observed in children as 
well as adults who have lived at the same residence for 15 years or more compared to those who 
lived for less than 15 years. Duration of residence at the same location also serves as a surrogate 
measure for the amount of toxic pollutants that the residents have been exposed to indicating that 
residents living at the same location for >15 years have been exposed to air pollutants for a 
longer period of time compared to residents living at the same location for < 15 years.  
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Discussion of Research Question 3 
Are the individual-level risk factors (age, gender and body mass index (BMI)) linked 
with the poor cardiovascular and/or respiratory health outcomes in the residents of the 
community and do the association observed between poor health outcomes in the residents and 
exposure to environmental pollution vary according to demographic factors? 
 Along with increased air pollution, a sedentary lifestyle is another challenge which is 
brought about by industrialization and obesity is a major outcome of a sedentary lifestyle. Many 
studies have shown that obesity is a major risk factor for both respiratory and cardiovascular 
health outcomes (Carey, Cook & Strachan, 1999; Chinn, Cotes & Reed, 1996; Lui et al., 2015) 
along with other risk factors such as age, gender, and smoking. Body mass index (BMI) is a 
commonly used measure of obesity and it is defined as a person’s weight in kilograms divided by 
height in meters squared. An individual with BMI in range of 25.0-29.9 kg/m2 and greater than 
30.0 kg/m2 are considered overweight and obese respectively (Center for Disease Control and 
Prevention, 2015a). Obesity has been identified as a significant risk factor for cardiovascular 
disease and recently its link with respiratory disease is also increasingly recognized (Poulain et 
al., 2006). The exact influence of obesity on respiratory disease is a complex process but it is 
believed that rising BMI is associated with a decrease in lung volume which results in a 
reduction of forced expiratory volume in one second, forced vital capacity and total lung 
capacity. Overweight and obese individuals are more likely to have poor respiratory health 
outcomes when compared to individuals with normal BMI (Poulain et al., 2006; Zammit et al., 
2010) and studies have also shown an increase in self-reported wheezing in obese individuals 
when compared to individuals with normal BMI (Gibson, 2000; Babb et al, 2008). Current study 
showed similar significant positive association between obesity and poor respiratory health 
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outcome. Further, aging process also brings about many changes to the respiratory system of an 
individual and some of these changes include a decrease in volume of the thoracic cavity, 
reduced lung volume and change in muscles that help with respiration (Lowery et al., 2013) 
which puts older individuals at an increased risk for respiratory disease compared to younger 
individuals. No significant association was observed between age and poor respiratory health 
outcomes in the current study and one of the reason could be that approximately 67% of 
residents who reported poor respiratory health outcomes were less than 55 years of age.  
The risk of developing cardiovascular disease is largely dependent on the presence of the 
traditional other risk factors (genetics, diabetes, cholesterol, age). Age is one of those traditional 
risk factors which is non-modifiable and with aging, there is the incremental addition of several 
other cardiovascular disease risk factors such as obesity, smoking. When age and other risk 
factors like obesity are jointly used to examine individual’s risk for cardiovascular disease, it has 
been hypothesized that the contribution of age reflects the duration of exposure to other risk 
factors. The longer an individual is exposed to modifiable risk factors, such as obesity, the 
greater the risk for cardiovascular disease, which means, at a younger age an individual with 
several cardiovascular risk factors will have lower risk for cardiovascular disease compared to an 
older individual with the same set of risk factors (Dhingara and Vasan, 2012; Cetin and Nasr, 
2017). The current study had similar results showing a significant positive association between 
both obesity and age with poor cardiovascular health outcomes. And significant positive 
association was observed for obesity and when both poor cardiovascular and/or respiratory 
health outcomes were considered together,  
 Along with age and BMI, gender differences have been observed in the death rates and 
burden of cardiovascular and respiratory disease. In the year 2010, death rate attributable to 
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cardiovascular was 235.5 per 100,000. Higher deaths rates were observed in men (283.4) 
compared to women (197.3) (Go et al., 2014). Many cross-sectional epidemiological studies 
have shown an association between obesity and asthma (Beckett et al., 2000; Lauder et al., 2004; 
Ronmark et al., 2005). Lauder et al (2004), explored the association between BMI and asthma in 
men and women in New York. Results from the weighted logistic regression showed that 
prevalence of asthma was 4.6% among men and 8.1% among women. Further in women, the 
prevalence of asthma significantly increased in those with BMI 25 kg/m2 when compared to the 
reference group with BMI 22-24.9 kg/m2. For the current study, no significant association was 
observed for gender and one of the considerations could be that the present study did not stratify 
data by gender like previous studies mentioned above.   
Limitations of the Study 
 The present study had a couple of limitations which could attribute to the results of the 
study and it is important to give considerations to these limitations while interpreting the results. 
First, the cardiovascular and respiratory health outcome was self-reported by the study 
participants and the study sample was small and confined to just one community. Therefore, 
results may be impacted due to under-reporting of the health outcomes as well as because of 
restricted sample size with study being retrospective in design. Second, the study does not 
consider the amount of time spent by residents at places other than their residences such as work 
or school or while commuting. This would leave out other air pollutant exposure routes to which 
residents could have been possibly exposed. Third, due to lack of personal monitoring stations, 
the study utilizes the surrogate exposure metrics to estimate the concentration to air pollutants 
from industries which do not take into account physical, chemical or toxicity properties of the 
pollutants, as it is cost-prohibitive with several technical challenges and time-consuming. And 
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the surrogate measures only considered exposure to industrial air pollutants and does not account 
for exposure to indoor sources or from vehicular exhaust or coal piers because of lack of data. 
And fourth, the study was not able to model the concentration of air pollutants released from the 
vehicle due to lack of air monitoring stations in the area to record daily concentrations of the air 
pollutants. The closest air monitoring station was at NASA Langley Research Center which is 10 
miles away and therefore, it was not possible to perform spatial interpolation to get the 
concentrations of air pollutants from vehicles over the study area.  
Health Policy Implications 
 Despite some of the limitations identified in the present study, some important findings 
could be gathered from the study which could contribute to the residentially based exposure 
studies for chronic diseases like cardiovascular and/or respiratory. Health policy implications 
from this study can be made at the specific community-level. Given that associations were found 
between poor cardiovascular and/or respiratory health outcomes and distance of residence from 
industry, age and BMI, an increased awareness about air pollutants released from the industry 
and their health impacts is important among the residents of the community. This would involve 
educating residents about air pollutants released into the air and their impact on health and 
planning community-level interventions targeted toward reducing weight and BMI. Further, the 
results of the study could further contribute to developing effective policies targeted towards 
reducing the number of toxic air pollutants released for promoting public health.  
Future Research 
 The findings from the current study provide couple opportunities for the future research. 
A real-time measurement of the air pollutants is required to accurately map the concentrations 
over the study area. This could be achieved by placing air monitoring stations in the community 
84 
 
which could record the pollutants on daily basis. Future research would involve, collecting air 
pollutant data from industries and Interstate 664 for a longer period to explore if it varies due to 
seasons and then interpolating the data over the study area to accurately map the concentrations 
of pollutants to which residents are exposed to. The second recommendation for the future 
research would be to increase the resolution of scale to explore if any significant changes are 
observed in associations when study is conducted at larger scale such as census tract 
(Maheswaren and Elliot, 2003; Hu et al, 2008) or city level (Maantay 2007). And third 
recommendation would be to consider hot spot created by two industries and traffic and 
cumulative amount of air pollutants that residents are exposed to in this hot spot area. 
Conclusion 
 The present study examined the association between poor cardiovascular and/or 
respiratory health outcomes and various factors such as residential based exposure to toxic air 
pollutant sources, the number of years lived at the same residence and demographic variables 
(age, BMI, and gender). Poor cardiovascular and/or respiratory health outcomes were statistically 
significantly associated with residential based exposure to toxic air pollutants released from 
industry present in the area and also with demographic factors (age and BMI). Although not 
significant, higher prevalence rates for poor cardiovascular and/or respiratory health outcomes 
were observed for residents living at the same residence for 15 years or more. This study 
identifies the need for data collections especially for toxic air pollutants which can contribute to 
more accurate interpolation mapping of the air pollutant concentration. Multi-level 
epidemiological framework examining the role of community-level factors as well as individual-






Agresti, A. (2002). Categorical data analysis. Hoboken, NJ: John Wiley & Sons, Inc. 
Anderton, D. L., Anderson, A. B., Oakes, J. M., & Fraser, M. R. (1994). Environmental equity: 
the demographics of dumping. Demography, 31(2), 229-248. Retrieved from 
http://link.springer.com/article/10.2307/2061884 
Anderton, D. L., Oakes, J. M., & Egan, K. L. (1997). Environmental Equity in Superfund 
Demographics of the Discovery and Prioritization of Abandoned Toxic Sites. Evaluation 
Review, 21(1), 3-26. doi: 10.1177/0193841X9702100101 
Agency for Toxic Substances and Disease Registry. (2008). Toxic Substance Portal. Retrieved 
from https://www.atsdr.cdc.gov/substances/toxchemicallisting.asp?sysid=7 
Babb, T. G., Ranasinghe, K. G., Comeau, L. A., Semon, T. L., & Schwartz, B. (2008). Dyspnea  
on exertion in obese women: association with an increased oxygen cost of breathing. 
American Journal of Respiratory and Critical Care Medicine, 178(2), 116-123. doi: 
10.1164/rccm.200706-875OC 
Batterman, S., Burke, J., Isakov, V., Lewis, T., Mukherjee, B., & Robins, T. (2014). A  
comparison of exposure metrics for traffic-related air pollutants: Application to 
epidemiology studies in Detroit, Michigan. International Journal of Environmental 
Research and Public Health, 11(9), 9553-9577. doi:10.3390/ijerph110909553 
Beckett, W. S., Jacobs Jr, D. R., Yu, X., Iribarren, C., & Williams, O. D. (2001). Asthma is 
associated with weight gain in females but not males, independent of physical activity. 
American Journal of Respiratory and Critical Care Medicine, 164(11), 2045-2050. doi: 
10.1164/rccm2004235 
Bedimo-Rung, A. L., Mowen, A. J., & Cohen, D. A. (2005). The significance of parks to 
86 
 
physical activity and public health: a conceptual model. American Journal of Preventive 
Medicine, 28(2), 159-168. doi:10.1016/j.ampre.2004.10.024 
Bell, M. L., & Davis, D. L. (2001). Reassessment of the lethal London fog of 1952: novel 
indicators of acute and chronic consequences of acute exposure to air 
pollution. Environmental Health Perspectives, 109(Suppl 3), 389. Retrieved from 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1240556/pdf/ehp109s-000389.pdf 
Bell, M. L., Davis, D. L., & Fletcher, T. (2004). A retrospective assessment of mortality from the 
London smog episode of 1952: the role of influenza and pollution. Environmental Health 
Perspectives, 112(1), 6. doi: i:10.1289/ehp.6539 
Beuther, D. A., & Sutherland, E. R. (2007). Overweight, obesity, and incident asthma: a meta- 
analysis of prospective epidemiologic studies. American Journal of Respiratory and 
Critical Care Medicine, 175(7), 661-666. doi: 10.1164/rccm.200611-1717OC 
Boothe, V. L., & DEnv, D. G. S. (2008). Potential health effects associated with residential  
proximity to freeways and primary roads: review of scientific literature, 1999-
2006. Journal of Environmental Health, 70(8), 33. Retrieved from 
https://www.ncbi.nlm.nih.gov/pubmed/18468221 
Bowen, W. M., Salling, M. J., Haynes, K. E., & Cyran, E. J. (1995). Toward environmental 
justice: Spatial equity in Ohio and Cleveland. Annals of the Association of American 
Geographers, 85(4), 641-663. Retrieved from 
http://cua6.urban.csuohio.edu/publications/center/northern_ohio_data_and_information_s
ervice/9601092290.pdf 
Brauer, M., Hoek, G., Van Vliet, P., Meliefste, K., Fischer, P. H., Wijga, A., ... & Heinrich, J.  
87 
 
(2002). Air pollution from traffic and the development of respiratory infections and 
asthmatic and allergic symptoms in children. American Journal of Respiratory and 
Critical Care Medicine, 166(8), 1092-1098. doi: 10.1164/rccm.200108-007OC 
Brook, R. D., Franklin, B., Cascio, W., Hong, Y., Howard, G., Lipsett, M., ... & Tager, I. (2004).  
Air pollution and cardiovascular disease a statement for healthcare professionals from the 
expert panel on population and prevention science of the American Heart 
Association. Circulation, 109(21), 2655-2671. doi: 
10.1161/01.CIR.0000128587.30041.C8 
Brown, P. (1995). Race, class, and environmental health: a review and systematization of the 
literature. Environmental Research, 69(1), 15-30. doi:10.1006/enrs.1995.1021 
Brown, C. D., Higgins, M., Donato, K. A., Rohde, F. C., Garrison, R., Obarzanek, E., ... &  
Horan, M. (2000). Body mass index and the prevalence of hypertension and 
dyslipidemia. Obesity, 8(9), 605-619. doi: 10.1038/oby.2000.79 
Brugge, D., Patton, A. P., Bob, A., Reisner, E., Lowe, L., Bright, O. J. M., ... & Zamore, W.  
(2015). Developing Community-Level Policy and Practice to Reduce Traffic-Related Air 
Pollution Exposure. Environmental Justice, 8(3), 95-104. doi: 10.1089/env.2015.0007 
Bullard, R. D., & Wright, B. H. (1992). Environmental justice for all: community perspectives  
on health and research needs. Toxicology and Industrial Health, 9(5), 821-841. Retrieved 
from http://www.ncbi.nlm.nih.gov/pubmed/8184445 
Brunekreef, B., Janssen, N. A., de Hartog, J., Harssema, H., Knape, M., & van Vliet, P.  
(1997). Air pollution from truck traffic and lung function in children living near 




Brunekreef, B., & Holgate, S. T. (2002). Air pollution and health. The Lancet, 360(9341), 1233- 
1242. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0140673602112748 
California Environmental Protection Agency: Air Resources Board (n.a). Air ollution in your 
community. Retrieved from https://www.arb.ca.gov/ch/communities/communities.htm 
Carey, I. M., Cook, D. G., & Strachan, D. P. (1999). The effects of adiposity and weight change  
on forced expiratory volume decline in a longitudinal study of adults. International 
Journal of Obesity, 23(9), 979. Retrieved from 
https://www.nature.com/articles/0801029.pdf 
Center for Disease Control and Prevention. (2011).  Children’s food environment State Indicator 
Report, 2011. Atlanta, GA: US Department of Health and Human Services (CDC). 
Retrieved from http://www.cdc.gov/obesity/downloads/childrensfoodenvironment.pdf 
Center for Disease Control and Prevention (CDC). (2014). MMWR Supplements: Past Volumes  
(2013). Retrieved from https://www.cdc.gov/mmwr/preview/ind2013_su.html 
Center for Disease Control and Prevention (CDC). (2015a). Healthy Weight: Body Mass Index 
(BMI). Retrieved from http://www.cdc.gov/healthyweight/assessing/bmi/ 
Center for Disease Control and Prevention (CDC). (2015b). Racial and Ethnic Approaches to 
Community Health. Retrieved from 
http://www.cdc.gov/nccdphp/dch/programs/reach/index.htm 
Center for Disease Control and Prevention (CDC). (2015c). How much physical activity do  
adults need? Retrieved from 
https://www.cdc.gov/physicalactivity/basics/adults/index.htm 




Center for Disease Control and Prevention (CDC). (2016c). Heart Disease. Retrieved from  
https://www.cdc.gov/heartdisease/ 
Center for Disease Control and Prevention (CDC). (2016d). Men and Heart Disease Fact Sheet. 
Retrieved from https://www.cdc.gov/dhdsp/data_statistics/fact_sheets/fs_men_heart.htm 
Center for Disease Control and Prevention (CDC). (2017). Interactive Atlas of Heart Disease  
and Stroke. Retrieved from https://www.cdc.gov/dhdsp/maps/atlas/index.htm 
Cetin, D., & Nasr, E. (2017). The Cardiovascular System: Implications of Obesity on the Body 
 System and Resolution of Disease Processes Following Bariatric Surgery. Bariatric  
Times, 14(1), 10-15. Retrieved form http://bariatrictimes.com/the-cardiovascular-system- 
implications-of-obesity-on-the-body-system-and-resolution-of-disease-processes- 
following-bariatric-surgery/ 
Chakraborty, J., Maantay, J. A., & Brender, J. D. (2011). Disproportionate proximity to 
environmental health hazards: methods, models, and measurement. American Journal of 
Public Health, 101(S1), S27-S36. doi: 10.2105/AJPH.2010.300109 
Chang, V. W., & Lauderdale, D. S. (2005). Income disparities in body mass index and obesity in 
the United States, 1971-2002. Archives of Internal Medicine, 165(18), 2122-2128. 
doi:10.1001/archinte.165.18.2122 
Chinn, D. J., Cotes, J. E., & Reed, J. W. (1996). Longitudinal effects of change in body mass on  
 measurements of ventilatory capacity. Thorax, 51(7), 699-704. Retrieved from  
 http://thorax.bmj.com/content/thoraxjnl/51/7/699.full.pdf 
Chung, C., & Myers, S. L. (1999). Do the poor pay more for food? An analysis of grocery store 
90 
 
availability and food price disparities. Journal of Consumer Affairs, 33(2), 276-296. doi: 
10.1111/j.1745-6606.1999.tb00071.x  
Ciocco, A., & Thompson, D. J. (1961). A follow-up of Donora ten years after: methodology and  
findings. American Journal of Public Health and the Nations Health, 51(2), 155-164. 
Retrieved from http://ajph.aphapublications.org/doi/pdf/10.2105/AJPH.51.2.155 
City Data. (2013). 23607 Zip Code Detailed Profile. Retrieved from  
http://www.city-data.com/zips/23607.html.  
Cohen, A. J., Ross Anderson, H., Ostro, B., Pandey, K. D., Krzyzanowski, M., Künzli, N., ... &  
 Smith, K. (2005). The global burden of disease due to outdoor air pollution. Journal of  
 Toxicology and Environmental Health, Part A, 68(13-14), 1301-1307. doi:  
 10.1080/15287390590936166 
Cohen, A., Lopez, A., Malloy, N., & Morello-Frosch, R. (2012). Our environment, Our Health A  
Community-Based Participatory Environmental Health Survey in Richmond,  
California. Health Education & Behavior, 39(2), 198-209. doi:  
10.1177/1090198111412591 
Comba, P., Ascoli, V., Belli, S., Benedetti, M., Gatti, L., Ricci, P., & Tieghi, A. (2003). Risk of  
soft tissue sarcomas and residence in the neighborhood of an incinerator of industrial 
wastes. Occupational and Environmental Medicine, 60(9), 680-683. Retrieved from 
http://oem.bmj.com/content/oemed/60/9/680.full.pdf 
Communities for Better Environment (CBE). (2009). Richmond Health Survey Report.  
Retrieved from http://www.cbecal.org/wp-content/uploads/2012/05/Richmond-Health- 
Survey1.pdf 





Curtis, K. A., & McClellan, S. (1995). Falling through the safety net: poverty, food assistance 
and shopping constraints in an American city. Urban Anthropology and Studies of 
Cultural Systems and World Economic Development, 24, 93-135. Retrieved from 
http://www.jstor.org.proxy.lib.odu.edu/stable/pdf/40553280.pdf?refreqid=excelsior:9bd0
8cc53993123a6fabb263ea3af28b 
Daniels, G., & Friedman, S. (1999). Spatial inequality and the distribution of industrial toxic 
releases: Evidence from the 1990 TRI. Social Science Quarterly, 80(2), 244-262.  
Retrieved from http://www.jstor.org/stable/pdf/42863898.pdf 
Davidson, P., & Anderton, D. L. (2000). Demographics of dumping II: a national environmental  
equity survey and the distribution of hazardous materials handlers. Demography, 37(4), 
461-466. doi: 10.1353/dem.2000.0002 
Delfino, R. J., Tjoa, T., Gillen, D. L., Staimer, N., Polidori, A., Arhami, M., ... & Longhurst, J.  
(2010). Traffic-related air pollution and blood pressure in elderly subjects with coronary 
artery disease. Epidemiology (Cambridge, Mass.), 21(3). doi:  
10.1097/EDE.0b013e3181d5e19b 
Diez-Roux, A. V., Nieto, F. J., Muntaner, C., Tyroler, H. A., Comstock, G. W., Shahar, E., ... &  
Szklo, M. (1997). Neighborhood environments and coronary heart disease: a multilevel 
analysis. American Journal of Epidemiology, 146(1), 48-63. Retrieved from 
https://academic-oup-com.proxy.lib.odu.edu/aje/article/185/11/1187/3859068  
Dhinagar, R. & Vasan, S, R. (2012). Age as a cardiovascular risk factor. Medical Clinics of  
 North America, 96(1), 87-91. doi:  10.1016/j.mcna.2011.11.003  
92 
 
Dolinoy, D. C., & Miranda, M. L. (2004). GIS modeling of air toxics releases from TRI- 
reporting and non-TRI-reporting facilities: impacts for environmental justice. 
Environmental Health Perspectives, 112(17), 1717. doi:  10.1289/ehp.7066 
English, P., Neutra, R., Scalf, R., Sullivan, M., Waller, L., & Zhu, L. (1999). Examining 
Associations between childhood asthma and traffic flow using a geographic information 
system. Environmental Health Perspectives, 107(9), 761. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1566466/pdf/envhper00514-0109.pdf 
Evans, G. W., & Kantrowitz, E. (2002). Socioeconomic status and health: the potential role of 
environmental risk exposure. Annual Review of Public Health, 23(1), 303-331. 
doi: 10.1146/annurev.publhealth.23.112001.112349 
Faul, F., Erdfelder, E., Buchner, A., & Lang, A. G. (2009). Statistical power analyses using G*  
Power 3.1: Tests for correlation and regression analyses. Behavior Research 
Methods, 41(4), 1149-1160. Retrieved from 
https://link.springer.com/content/pdf/10.3758%2FBRM.41.4.1149.pdf 
Finkelstein, E. A., Khavjou, O. A., Mobley, L. R., Haney, D. M., & Will, J. C. (2004).  
Racial/ethnic disparities in coronary heart disease risk factors among WISEWOMAN 
enrollees. Journal of Women's Health, 13(5), 503-518. Retrieved from 
http://www.liebertpub.com/media/content/jwh_wisewoman/p503.pdf 
Fisher, B. D., & Strogatz, D. S. (1999). Community measures of low-fat milk consumption:  
comparing store shelves with households. American Journal of Public Health, 89(2), 
235-237. Retrieved from http://ajph.aphapublications.org/doi/pdf/10.2105/AJPH.89.2.235 
Floret, N., Mauny, F., Challier, B., Arveux, P., Cahn, J. Y., & Viel, J. F. (2003). Dioxin  
93 
 
emissions from a solid waste incinerator and risk of non-Hodgkin lymphoma. 
Epidemiology, 14(4), 392-398. doi: 10.1097/01.ede.0000072107.90304.01 
Gan, W. Q., Tamburic, L., Davies, H. W., Demers, P. A., Koehoorn, M., & Brauer, M. (2010). 
Changes in residential proximity to road traffic and the risk of death from coronary heart 
disease. Epidemiology, 21(5), 642-649. doi: 10.1097/EDE.0b013e3181e89f19 
Garshick, E., Laden, F., Hart, J. E., & Caron, A. (2003). Residence near a major road and  
respiratory symptoms in US veterans. Epidemiology (Cambridge, Mass.), 14(6), 728. doi:  
10.1097/01.ede.0000082045.50073.66 
Gauderman, W. J., McConnell, R. O. B., Gilliland, F., London, S., Thomas, D., Avol, E., ... &  
Margolis, H. G. (2000). Association between air pollution and lung function growth in 
southern California children. American Journal of Respiratory and Critical Care 
Medicine, 162(4), 1383-1390. doi: 10.1164/rccm.2111021 
Gauderman, W. J., Avol, E., Lurmann, F., Kuenzli, N., Gilliland, F., Peters, J., & McConnell, R.  
(2005). Childhood asthma and exposure to traffic and nitrogen 
dioxide. Epidemiology, 16(6), 737-743. doi: 10.1097/01.ede.0000181308.51440.75 
Gauderman, W. J., Vora, H., McConnell, R., Berhane, K., Gilliland, F., Thomas, D., ... & Peters, 
J. (2007). Effect of exposure to traffic on lung development from 10 to 18 years of age: a 
cohort study. The Lancet, 369(9561), 571-577. doi:10.1016/S0140- 6736(07)60037-3 
Gee, G. C., & Payne-Sturges, D. C. (2004). Environmental health disparities: a framework  
integrating psychosocial and environmental concepts. Environmental Health 
Perspectives, 112(17), 1645-1653. Retrieved from 
http://www.jstor.org/stable/3435896?seq=1#page_scan_tab_contents  
Gibson, G. J. (2000). Obesity, respiratory function and breathlessness. Thorax, 55(Suppl 1), S41- 
94 
 
S44. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765949/pdf/v055p00S41.pdf 
Glanz, K., Basil, M., Maibach, E., Goldberg, J., & Snyder, D. A. N. (1998). Why Americans eat  
what they do: taste, nutrition, cost, convenience, and weight control concerns as 
influences on food consumption. Journal of the American Dietetic Association, 98(10), 
1118-1126. Retrieved from https://www-sciencedirect-
com.proxy.lib.odu.edu/science/article/pii/S0002822398002600?via%3Dihub 
Gordian, M. E., Haneuse, S., & Wakefield, J. (2006). An investigation of the association between  
traffic exposure and the diagnosis of asthma in children. Journal of Exposure Science and 
Environmental Epidemiology, 16(1), 49-55. doi:10.1038/sj.jea.7500436 
Greenberg, M. (1993). Proving environmental inequity in siting locally unwanted land  
uses. Risk, 4(3), 235. Retrieved from 
https://scholars.unh.edu/cgi/viewcontent.cgi?article=1137&context=risk 
Greenlund, K. J., Kiefe, C. I., Gidding, S. S., Lewis, C. E., Srinivasan, S. R., Williams, O. D., &  
Berenson, G. S. (1998). Differences in cardiovascular disease risk factors in black and 
white young adults: comparisons among five communities of the CARDIA and the 
Bogalusa Heart Studies. Annals of Epidemiology, 8(1), 22-30. Retrieved from 
https://www-sciencedirect-
com.proxy.lib.odu.edu/science/article/pii/S1047279797001270?via%3Dihub 
Go, S., A., Mozaffarin, D., Roger, L., V., Benjamin, J., E., Berry, D., J., Blaha, J., M., … & 
Turner, B., M. (2014). Heart disease and stroke statistics—2014 update: a report from the 




Haddock, C. K., Rindskopf, D., & Shadish, W. R. (1998). Using odds ratios as effect sizes for 
meta-analysis of dichotomous data: A primer on methods and issues. Psychological 
Methods, 3(3), 339. Retrieved from 
http://psycnet.apa.org.proxy.lib.odu.edu/fulltext/1998-10231-005.html 
Harwell, T. S., Gohdes, D., Moore, K., McDowall, J. M., Smilie, J. G., & Helgerson, S. D.  
(2001). Cardiovascular disease and risk factors in Montana American Indians and non- 
Indians. American Journal of Preventive Medicine, 20(3), 196-201. Retrieved from 
https://www-sciencedirect-
com.proxy.lib.odu.edu/science/article/pii/S0749379700003123?via%3Dihub 
Hoek, G., Brunekreef, B., Fischer, P., & van Wijnen, J. (2001). The association between air 
pollution and heart failure, arrhythmia, embolism, thrombosis, and other cardiovascular 
causes of death in a time series study. Epidemiology, 12(3), 355-357. Retrieved from 
https://journals.lww.com/epidem/Abstract/2001/05000/The_Association_between_Air_P
ollution_and_Heart.17.aspx 
Hong, Y. C., Lee, J. T., Kim, H., & Kwon, H. J. (2002). Air pollution: A new Risk Factor in  
Ischemic Stroke Mortality. Stroke, 33(9), 2165-2169. Retrieved from 
http://stroke.ahajournals.org/content/33/9/2165.short 
Horowitz, C. R., Colson, K. A., Hebert, P. L., & Lancaster, K. (2004). Barriers to buying healthy  
foods for people with diabetes: evidence of environmental disparities. American Journal 
of Public Health, 94(9), 1549-1554. Retrieved from 
http://ajph.aphapublications.org/doi/pdf/10.2105/AJPH.94.9.1549 




Hu, Z., Liebens, J., & Rao, K. R. (2008). Linking stroke mortality with air pollution, income, and  
greenness in northwest Florida: an ecological geographical study. International Journal 
of Health Geographics, 7(1), 20. doi:10.1186/1476-072X-7-20  
Huang, Y. C. T., & Ghio, A. J. (2006). Vascular effects of ambient pollutant particles and  
 metals. Current Vascular Pharmacology, 4(3), 199-203. doi:  
10.2174/157016106777698351 
IBM Corp. IBM SPSS Statistics 23; Armonk, NY 
Jerrett, M., Finkelstein, M. M., Brook, J. R., Arain, M. A., Kanaroglou, P., Stieb, D. M., ... &  
Sears, M. R. (2009). A cohort study of traffic-related air pollution and mortality in 
Toronto, Ontario, Canada. Environmental Health Perspectives, 117(5), 772. doi:  
10.1289/ehp.11533 
Kampa, M., & Castanas, E. (2008). Human health effects of air pollution. Environmental  
 Pollution, 151(2), 362-367. doi:10.1016/j.envpol.2007.06.012 
Kim, J. J., Smorodinsky, S., Lipsett, M., Singer, B. C., Hodgson, A. T., & Ostro, B. (2004). 
Traffic-related air pollution near busy roads: the East Bay Children's Respiratory Health 
Study. American Journal of Respiratory and Critical care Medicine, 170(5), 520-526. 
doi: 10.1164/rccm.200403-281OC 
Kim, J. J., Huen, K., Adams, S., Smorodinsky, S., Hoats, A., Malig, B., ... & Ostro, B. (2008).  
Residential traffic and children's respiratory health. Environmental Health 
Perspectives, 116(9), 1274.doi: 10.1298/ehp.10735 
Krewski, D., Burnett, R., Goldberg, M., Hoover, B. K., Siemiatycki, J., Jerrett, M., ... & White, 
97 
 
W. (2003). Overview of the reanalysis of the Harvard six cities study and American 
Cancer Society study of particulate air pollution and mortality. Journal of Toxicology and 
Environmental Health Part A, 66(16-19), 1507-1552. doi: 10.1080/15287390306424 
Künzli, N., & Tager, I. B. (2005). Air pollution: from lung to heart. Swiss Medical  
 Weekly, 135(47-48), 697-702. doi: 2005/47/smw-11025  
Kurian, A. K., & Cardarelli, K. M. (2007). Racial and ethnic differences in cardiovascular  
disease risk factors: a systematic review. Ethnicity and Disease, 17(1), 143. Retrieved  
from http://www.ishib.org/ED/journal/17-1/ethn-17-01-143.pdf 
Laraia, B. A., Siega-Riz, A. M., Kaufman, J. S., & Jones, S. J. (2004). Proximity of supermarkets 
is positively associated with diet quality index for pregnancy. Preventive Medicine, 39(5), 
869-875. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0091743504001768 
Luder, E., Ehrlich, R. I., Lou, W. Y. W., Melnik, T. A., & Kattan, M. (2004). Body mass index  
 and the risk of asthma in adults. Respiratory Medicine, 98(1), 29-37.  
 doi:10.1016/j.rmed.2003.08.004 
Lin, S., Munsie, J. P., Hwang, S. A., Fitzgerald, E., & Cayo, M. R. (2002). Childhood asthma  
Hospitalization and residential exposure to state route traffic. Environmental 
Research, 88(2), 73-81. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0013935101943038 
Liu, Y., Pleasants, R. A., Croft, J. B., Lugogo, N., Ohar, J., Heidari, K., ... & Kraft, M. (2015).  
Body mass index, respiratory conditions, asthma, and chronic obstructive pulmonary 




Lopez, R. (2002). Segregation and black/white differences in exposure to air toxics in 1990.  
Environmental Health Perspectives, 110(Suppl 2), 289. Retrieved from  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241175/pdf/ehp110s-000289.pdf 
London, S. J., Gauderman, W. J., Avol, E., Rappaport, E. B., & Peters, J. M. (2001). Family  
history and the risk of early onset persistent, early onset transient and late onset 
asthma. Epidemiology, 12(5), 577. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1618803/pdf/nihms12757.pdf 
Lowery, E. M., Brubaker, A. L., Kuhlmann, E., & Kovacs, E. J. (2013). The aging lung. Clinical  
 Interventions in Aging, 8, 1489. Retrieved from  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825547/pdf/cia-8-1489.pdf 
Maantay, J. (2007). Asthma and air pollution in the Bronx: methodological and data 
considerations in using GIS for environmental justice and health research. Health & 
Place, 13(1), 32-56. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S1353829205000675 
Maheswaran, R., & Elliott, P. (2003). Stroke mortality associated with living near main roads in  
England and Wales. Stroke, 34(12), 2776-2780. Doi: 
10.1161/01.STR.0000101750.77547.11 
McConnell, R., Berhane, K., Yao, L., Jerrett, M., Lurmann, F., Gilliland, F., ... & Peters, J. 
(2006). Traffic, susceptibility, and childhood asthma. Environmental Health 
Perspectives, 114(5), 766-772. doi:  10.1289/ehp.8594  
McConnell, R., Islam, T., Shankardass, K., Jerrett, M., Lurmann, F., Gilliland, F., ... & Peters, J.  
99 
 
(2010). Childhood incident asthma and traffic-related air pollution at home and 
school. Environmental Health Perspectives, 118(7), 1021-1026. doi:  
10.1289/ehp.0901232 
Meng, Y. Y., Wilhelm, M., Rull, R. P., English, P., & Ritz, B. (2007). Traffic and outdoor air  
pollution levels near residences and poorly controlled asthma in adults. Annals of Allergy, 
Asthma & Immunology, 98(5), 455-463. Retrieved from 
http://www.annallergy.org/article/S1081-1206(10)60760-0/pdf 
Miyake, Y., Yura, A., & Iki, M. (2002). Relationship between distance from major roads and 
adolescent health in Japan. Journal of Epidemiology, 12(6), 418-423. Retrieved from  
https://www.jstage.jst.go.jp/article/jea1991/12/6/12_6_418/_pdf 
Mohai, P., & Saha, R. (2006). Reassessing racial and socioeconomic disparities in environmental  
justice research. Demography, 43(2), 383-399. doi: 10.1353/dem.2006.0017  
Mohai, P., Pellow, D., & Roberts, J. T. (2009). Environmental Justice. Annual Review of  
Environment and Resources, 34, 405-430. doi: 10.1146/annurev-environ-082508-094348 
Moore, L. V., Roux, A. V. D., Evenson, K. R., McGinn, A. P., & Brines, S. J. (2008).  
Availability of recreational resources in minority and low socioeconomic status 
areas. American Journal of Preventive Medicine, 34(1), 16-22. doi:  
10.1016/j.amepre.2007.09.021 
Morello-Frosch, R., Pastor, M., & Sadd, J. (2001). Environmental justice and Southern  
California’s “riskscape” the distribution of air toxics exposures and health risks among 
diverse communities. Urban Affairs Review, 36(4), 551-578. 
doi: 10.1177/10780870122184993 
Morland, K., Wing, S., Roux, A. D., & Poole, C. (2002). Neighborhood characteristics  
100 
 
associated with the location of food stores and food service places. American Journal of 
Preventive Medicine, 22(1), 23-29. Retrieved from https://www-sciencedirect-
com.proxy.lib.odu.edu/science/article/pii/S0749379701004032?via%3Dihub 
Mosca, L., Barrett-Connor, E., & Wenger, N. K. (2011). Sex/gender differences in 
cardiovascular disease prevention what a difference a decade 
makes. Circulation, 124(19), 2145-2154. Retrieved from 
http://circ.ahajournals.org/content/124/19/2145.short 
Mozaffarian, D., Benjamin, E. J., Go, A. S., Arnett, D. K., Blaha, M. J., Cushman, M., ... &  
Howard, V. J. (2016). Executive Summary: Heart Disease and Stroke Statistics-2016 
Update: A Report From the American Heart Association. Circulation, 133(4), 447. doi: 
10.1161/CIR.0000000000000366 
Mullan, I. (2011). Symposium on Integrating the Science of Environmental Justice into  
Decision-Making at the Environmental Protection Agency: An Overview. American 
Journal of Public Health, 101(S1), S19-S26. doi: 10.2105/AJPH.2011.300368 
Napton, M. L., & Day, F. A. (1992). Polluted Neighborhoods in Texas Who Lives 
there? Environment and Behavior, 24(4), 508-526. Retrieved from  
http://journals.sagepub.com/doi/abs/10.1177/0013916592244004 
Nemery, B., Hoet, P. H., & Nemmar, A. (2001). The Meuse Valley fog of 1930: an air pollution  
disaster. The Lancet, 357(9257), 704-708. doi: http://dx. doi.org/10.1016/S0140-
6736(00)04135-0 
Nicolai, T., Carr, D., Weiland, S. K., Duhme, H., Von Ehrenstein, O., Wagner, C., & Von  
101 
 
Mutius, E. (2003). Urban traffic and pollutant exposure related to respiratory outcomes 
and atopy in a large sample of children. European Respiratory Journal, 21(6), 956-963. 
doi: 10.1183/09031936.03.00041103a  
Nuckols, J. R., Ward, M. H., & Jarup, L. (2004). Using geographic information systems for  
exposure assessment in environmental epidemiology studies. Environmental Health 
Perspectives, 112(9), 1007. doi:  10.1289/ehp.6738 
Nweke, O. C., Payne-Sturges, D., Garcia, L., Lee, C., Zenick, H., Grevatt, P., ... & Dankwa- 
 Mullan, I. (2011). Symposium on integrating the science of environmental justice into  
 decision-making at the Environmental Protection Agency: An overview. American  
 Journal of Public health, 101(S1), S19-S26. Retrieved from 
http://ajph.aphapublications.org/doi/pdf/10.2105/AJPH.2011.300368 
O'Neill, M. S., Jerrett, M., Kawachi, I., Levy, J. I., Cohen, A. J., Gouveia, N., ... & Schwartz, J.  
(2003). Health, wealth, and air pollution: advancing theory and methods. Environmental 
Health Perspectives, 111(16), 1861. Retrieved from 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241758/ 
Oosterlee, A., Drijver, M., Lebret, E., & Brunekreef, B. (1996). Chronic respiratory symptoms in 
children and adults living along streets with high traffic density. Occupational and 
Environmental Medicine, 53(4), 241-247. Retrieved from 
http://oem.bmj.com/content/53/4/241.short 
Pastor, M., Sadd, J., & Hipp, J. (2001). Which came first? Toxic facilities, minority move‐in, and 
environmental justice. Journal of Urban Affairs, 23(1), 1-21. doi: 10.1111/0735-2166.00072 
Payne-Sturges, D., &amp; Gee, G. C. (2006). National environmental health measures for  
102 
 
Minority and low-income populations: tracking social disparities in environmental health. 
Environmental Research, 102(2), 154-171. doi:10.1016/j.envres.2006.05.014 
Peden, D. B. (2000). Development of atopy and asthma: candidate environmental influences and  
 important periods of exposure. Environmental Health Perspectives, 108(Suppl 3), 475 
Perlin, S. A., Sexton, K., & Wong, D. W. (1999). An examination of race and poverty for  
populations living near industrial sources of air pollution. Journal of Exposure Analysis 
& Environmental Epidemiology, 9(1). doi:10.1038/sj.jea.7500024 
Peters, J. M., Avol, E., Gauderman, W. J., Linn, W. S., Navidi, W., London, S. J., ... & Thomas,  
D. C. (1999). A study of twelve Southern California communities with differing levels 
and types of air pollution: II. Effects on pulmonary function. American Journal of 
Respiratory and Critical Care Medicine, 159(3), 768-775. Retrieved from 
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.159.3.9804144 
Peters, A., Dockery, D. W., Muller, J. E., & Mittleman, M. A. (2001). Increased particulate air  
pollution and the triggering of myocardial infarction. Circulation, 103(23), 2810-2815.  
doi:  http://dx.doi.org/10.1161/01.CIR.103.23.2810 
Poulain, M., Doucet, M., Major, G. C., Drapeau, V., Sériès, F., Boulet, L. P., ... & Maltais, F.  
(2006). The effect of obesity on chronic respiratory diseases: pathophysiology and 
therapeutic strategies. Canadian Medical Association Journal, 174(9), 1293-1299. doi: 
https://doi.org/10.1503/cmaj.051299  
Powell, L. M., Slater, S., Mirtcheva, D., Bao, Y., & Chaloupka, F. J. (2007). Food store  
availability and neighborhood characteristics in the United States. Preventive 
Medicine, 44(3), 189-195. doi: http://dx.doi.org/10.1016/j.ypmed.2006.08.008 
103 
 
Ringquist, E. J. (2005). Assessing evidence of environmental inequities: a meta‐
analysis. Journalof Policy Analysis and Management, 24(2), 223-247.  doi: 10.1002/pam.20088 
Rönmark, E., Andersson, C., Nyström, L., Forsberg, B., Järvholm, B., & Lundbäck, B. (2005).  
Obesity increases the risk of incident asthma among adults. European Respiratory 
Journal, 25(2), 282-288. doi: 10.1183/09031936.05.00054304 
Ryan, P. H., LeMasters, G., Biagini, J., Bernstein, D., Grinshpun, S. A., Shukla, R., ... & Lockey,  
J. (2005). Is it traffic type, volume, or distance? Wheezing in infants living near truck and 
bus traffic. Journal of Allergy and Clinical Immunology, 116(2), 279-284. Retrieved from 
http://www.jacionline.org/article/S0091-6749(05)01309-6/abstract 
Saha, R., & Mohai, P. (2005). Historical context and hazardous waste facility siting:  
Understanding temporal patterns in Michigan. Social Problems, 52(4), 618-648. 
doi: http://dx.doi.org/10.1525/sp.2005.52.4.618  
Sallis, J. F., Nader, P. R., Rupp, J. W., Atkins, C. J., & Wilson, W. C. (1986). San Diego  
surveyed for heart-healthy foods and exercise facilities. Public Health Reports (1974-), 
101(2), 216-219. Retrieved from https://www-ncbi-nlm-nih-
gov.proxy.lib.odu.edu/pmc/articles/PMC1477796/pdf/pubhealthrep00184-0098.pdf 
Samet, J. M., Dominici, F., Curriero, F. C., Coursac, I., & Zeger, S. L. (2000). Fine particulate 
air pollution and mortality in 20 US cities, 1987–1994. New England Journal of 
Medicine, 343(24), 1742-1749. doi: 10.1056/NEJM200012143432401 
Schachter, L. M., Salome, C. M., Peat, J. K., & Woolcock, A. J. (2001). Obesity is a risk for  
asthma and wheeze but not airway hyperresponsiveness. Thorax, 56(1), 4-8. Retrieved 
from http://thorax.bmj.com/content/thoraxjnl/56/1/4.full.pdf 
Shaffer, A. (2002). The persistence of LA's grocery gap: The need for a new food policy and  
104 
 
approach to market development. Retrieved from 
http://scholar.oxy.edu/cgi/viewcontent.cgi?article=1395&context=uep_faculty 
Sharma, R. K., & Agrawal, M. (2005). Biological effects of heavy metals: an overview. Journal  
of Environmental Biology, 26(2), 301-313. Retrieved from 
https://www.ncbi.nlm.nih.gov/pubmed/16334259 
Smargiassi, A., Kosatsky, T., Hicks, J., Plante, C., Armstrong, B., Villeneuve, P. J., & Goudreau, 
S. (2009). Risk of asthmatic episodes in children exposed to sulfur dioxide stack 
emissions from a refinery point source in Montreal, Canada. Environmental Health 
Perspectives, 117(4), 653. doi:  10.1289/ehp.0800010 
Stoltzfus, J. C. (2011). Logistic regression: a brief primer. Academic Emergency  
 Medicine, 18(10), 1099-1104 
Sundquist, J., Malmström, M., & Johansson, S. E. (1999). Cardiovascular risk factors and the  
neighbourhood environment: a multilevel analysis. International Journal of 
Epidemiology, 28(5), 841-845. Retrieved from 
https://pdfs.semanticscholar.org/598a/ffb9f19b60f296e2fa2b9dd894f11fdae3b2.pdf 
Szasz, A., & Meuser, M. (1997). Environmental inequalities: Literature review and proposals for 
new directions in research and theory. Current Sociology, 45(3), 99-120. 
doi: 10.1177/001139297045003006 
Tager, I. B., Balmes, J., Lurmann, F., Ngo, L., Alcorn, S., & Künzli, N. (2005). Chronic  
exposure to ambient ozone and lung function in young adults. Epidemiology, 16(6), 751-
759. doi: 10.1097/01.ede.0000183166.68809.b0 
Taylor, W. C., Floyd, M. F., Whitt-Glover, M. C., & Brooks, J. (2007). Environmental justice: a 
105 
 
framework for collaboration between the public health and parks and recreation fields to 
study disparities in physical activity. Journal of Physical Activity & Health, 4, S50. 
Retrieved from https://journals.humankinetics.com/doi/pdf/10.1123/jpah.4.s1.s50 
Urch, B., Silverman, F., Corey, P., Brook, J. R., Lukic, K. Z., Rajagopalan, S., & Brook, R. D.  
(2005). Acute blood pressure responses in healthy adults during controlled air pollution 
exposures. Environmental Health Perspectives, 113(8), 1052. doi:  10.1289/ehp.7785 
U. S. Census Bureau. (2012). About Age and Sex. Retrieved from 
 http://www.census.gov/population/age/about/ 
U. S. Census Bureau. (2013). Age and Sex. Retrieved from  
 http://www.census.gov/population/age/ 
U. S. Census Bureau. (2015a). American FactFinder Sheet: ASC Demographics and Housing 
Estimates. Retrieved from 
http://factfinder.census.gov/faces/tableservices/jsf/pages/productview.xhtml?pid=ACS_1
4_5YR_DP05;prodType=table 
U.S. Census Bureau. (2015b). Geography: TIGER Products. Retrieved from  
 https://www.census.gov/geo/maps-data/data/tiger.html 
U. S. Department of Agriculture. (2009). Access to Affordable and Nutritious Food: Measuring 
and Understanding Food Desserts and their Consequences. Washington DC: US 
Department of Agriculture Economic Research Services. Retrieved from 
http://www.ers.usda.gov/media/242675/ap036_1_.pdf 
U. S, National Library of Medicine. (2017). Tox Town: Environmental Health Concerns and  
 Toxic Chemicals Where You Live, Work and Play. Retrieved from  
 https://toxtown.nlm.nih.gov/text_version/chemicals.php?id=31.  
106 
 
United States Environmental Protection Agency. (2012). Community Profiles 2011.  
Retrieved from http://www.epa.gov/care/community2011.htm#va.  
United States Environmental Protection Agency. (2016a). Risk-Screening Environmental 
Indicators (RSEI) Model: About Risk-Screening Environmental Indicators (RSEI) Model. 
Retrieved from https://www.epa.gov/rsei/about-risk-screening-environmental-indicators-
rsei-model 
United States Environmental Protection Agency. (2016b). Toxic Release Inventory Program 
(TRI): Learn about Toxic Release Inventory. Retrieved from https://www.epa.gov/toxics-
release-inventory-tri-program/learn-about-toxics-release-inventory 
United States Environmental Protection Agency (EPA). (2016c). Toxic Release Inventory 
Program (TRI): 2014 TRI Factsheet – Zip Code 23607. Retrieved from 
https://iaspub.epa.gov/triexplorer/tri_factsheet.factsheet?pzip=23607&pyear=2015&pPar
ent=TRI&pDataSet=TRIQ1 
United States Environmental Protection Agency (EPA). (2017). TRI Explorer. Releases: Industry 




Van Vliet, P., Knape, M., de Hartog, J., Janssen, N., Harssema, H., & Brunekreef, B. (1997).  
Motor vehicle exhaust and chronic respiratory symptoms in children living near 
freeways. Environmental Research, 74(2), 122-132. Retrieved from 
https://www.sciencedirect.com/science/article/pii/S0013935197937579 
Venn, A., Lewis, S., Cooper, M., Hubbard, R., Hill, I., Boddy, R., ... & Britton, J. (2000). Local  
107 
 
road traffic activity and the prevalence, severity, and persistence of wheeze in school 
children: combined cross sectional and longitudinal study. Occupational and 
Environmental Medicine, 57(3), 152-158. Retrieved from 
http://oem.bmj.com/content/57/3/152.full 
Venn, A. J., Lewis, S. A., Cooper, M., Hubbard, R., & Britton, J. (2001). Living near a main  
road and the risk of wheezing illness in children. American Journal of Respiratory and 
Critical Care Medicine, 164(12), 2177-2180. Retrieved from 
https://www.atsjournals.org/doi/abs/10.1164/ajrccm.164.12.2106126#readcube-epdf 
Venn, A., Yemaneberhan, H., Lewis, S., Parry, E., & Britton, J. (2005). Proximity of the home to  
roads and the risk of wheeze in an Ethiopian population. Occupational and 
Environmental Medicine, 62(6), 376-380. Retrieved from 
http://oem.bmj.com/content/62/6/376.full 
Virginia Health Department (VDH). (2016). 2012 Virginia Health Equity Report. Retrieved from 
http://www.vdh.virginia.gov/OMHHE/2012report.htm.  
Wilhelm, M., &amp; Ritz, B. (2003). Residential proximity to traffic and adverse birth outcomes  
In Los Angeles county, California, 1994-1996. Environmental Health 
Perspectives, 111(2), 207. Retrieved from 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241352/pdf/ehp0111-000207.pdf 
Winkleby, M. A., Kraemer, H. C., Ahn, D. K., & Varady, A. N. (1999). Ethnic and 
Socioeconomic Differences in Cardiovascular Disease Risk Factors: Findings for Women 
From the Third National Health and Nutrition Examination Survey, 1988-1994. Survey of 
Anesthesiology, 43(3), 183. doi:10.1001/jama.280.4.356 




Yen, I. H., & Kaplan, G. A. (1999). Neighborhood social environment and risk of death:  
multilevel evidence from the Alameda County Study. American Journal of 
Epidemiology, 149(10), 898-907. Retrieved from 
https://academic.oup.com/aje/article/149/10/898/172906 
Zammit, C., Liddicoat, H., Moonsie, I., & Makker, H. (2010). Obesity and respiratory diseases.  
 International Journal of General Medicine, 3, 335. doi:  10.2147/IJGM.S11926 
Zimmerman, R. (1993). Social equity and environmental risk. Risk Analysis,13(6), 649-666. doi:  
 10.1111/j.1539-6924.1993.tb01327.x 
Zmirou, D., Gauvin, S., Pin, I., Momas, I., Sahraoui, F., Just, J., ... & Albertini, M. (2004).  
Traffic related air pollution and incidence of childhood asthma: results of the Vesta case-
control study. Journal of Epidemiology and Community Health, 58(1), 18-23. Retrieved 
from http://jech.bmj.com/content/58/1/18.full 
Zhu, Y., Hinds, W. C., Kim, S., & Sioutas, C. (2002). Concentration and size distribution of  
ultrafine particles near a major highway. Journal of the Air & Waste Management 
Association, 52(9), 1032-1042. Retrieved from 
https://www.tandfonline.com/doi/pdf/10.1080/10473289.2002.10470842?needAccess=tr
ue 
Zou, B., Wilson, J. G., Zhan, F. B., & Zeng, Y. (2009). Air pollution exposure assessment  
methods utilized in epidemiological studies. Journal of Environmental Monitoring, 11(3), 











1. What is your gender? 
o Female 
o Male 
2. What is your birthdate? _______________________ 
                                                     MM/DD/YYYY 
3.  Your height and weight. 
Height: _____ ft ______ in. 
Weight: _____ lbs        










o American Indian or Alaska Native 
o Other _______________________________ 
 
5. What is your street address? 





6. How many years have you lived at this address? 
_________________ Years 
7. Which of the following describes your employment status? 
o Employed 
o Not Employed 
o Retired 
8. Do you work at any of the following locations? (You can choose more than one 
answers) 
o Shipyard Name ______________________, ________________years 
o Chemical Plant Name__________________________, _________________years 
o Factory Name ____________________________, _____________________years 
o Other _________________________, _______________ years  
o None 
9. How would you rate your overall health? 
o Excellent 














12. Do you have tuberculosis (TB)? 
o Yes 
o No 
13. Do you have cancer? If “No” skip to question 14. 
o Yes, what kind___________________________ 
o No 
14. Do you have any breathing problems? 
o No 
o Yes 
If “Yes”, choose the type of breathing problems. (choose all that apply) 
o Shortness of breath how long? ________ years 
o Wheezing how long? _______ years 
o Coughing how long? _______ years 
o Hoarseness how long? _______ years 
o Sleep Apnea how long? _______ years 
o Asthma how long? _______ years 
o Pneumonia how long? _______ years 
o Bronchitis how long? _______ years 




15. Do you have any heart problems? 
o No 
o Yes 
If “Yes”, choose the type of heart problems. (choose all that apply) 
o Chest pain how long? _______ years 
o Heart murmurs how long? _______ years 
o Irregular heartbeat how long? _______ years 
o Heart disease how long? _______ years 
o High blood pressure how long? _______ years 
o Other _______________________, how long? _________ years 
o Past heart attack _____________ years ago 
16. Males only- Do you have any reproductive diseases or symptoms? 
o No 
o Yes 
If “Yes”, choose the type of reproductive diseases or symptoms. (choose all that apply) 
o Urethral stricture how long? _______ years 
o Penile cancer how long? _______ years 
o Testicle pain how long? _______ years 
o Blood in urine how long? _______ years 
o Erectile dysfunction how long? _______ years 





17. Females only- Do you have any reproductive diseases or symptoms? 
o No 
o Yes 
If “Yes”, choose the type of reproductive diseases or symptoms. (choose all that apply) 
o Blood in urine how long? _______ years 
o Excessive urination how long? _______ years 
o Prolapsed uterus how long? _______ years 
o Endometriosis how long? _______ years 
o Miscarriage how long? _______ years 
o Pelvic inflammatory disease (PID) how long? _______ years 





18. Are you aware of any environmental pollution in your community? 
o No 
o Yes 
If “Yes”, choose the type of environmental pollution (choose all that apply) 
o Coal Dust 
o Exhaust Emissions from vehicles on Interstate 664 
o Emissions from industrial plants in this area 
o Emissions from the shipyards 
o Hazardous Waste from brownfields (abandoned waste and industrial sites) 
o Other_____________________________________ 








o Very Poor 
20. What do you think about soil/dirt quality in your community? 
o Excellent 




o Very Poor 
21. What do you think about the overall environment in your community? 
o Excellent 




o Very Poor 









23. In your opinion, what can the city/government do to improve the environmental quality 





VI. CIGARETTE AND ALCOHOL CONSUMPTION 
 
24. Do you smoke? 
o Yes, ___________# cigarettes in a week for ____________ year(s). 
o No 
o Quit more than six months ago 
25. Does anyone in your household currently smoke cigarettes? 
o Yes, someone does 
o No, no one does 
26. Do you drink alcohol? 
o Yes, ___________# (beers, glasses of wine, mixed drinks)/week for  _________ year(s). 
o No 
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